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¥Y 
DISTRIBUTION OF VIRUSES OF TRISTEZA AND OTHER 
DISEASES OF CITRUS IN PROPAGATIVE MATERIAL! | 








J. M. Wallace, P. C. J. Oberholzer, and J. D. J. Hofmeyer2 
ABSTRACT 


Following the appearance of tristeza in the citrus plantings of Argentina and Brazil, and of 
the same disease in California, where it was known as quick decline,. there was much specula- 
tion as to the origin of the causal virus. When it was determined that the so called sweet 
orange-sour orange incompatibility and the stem-pitting disease of grapefruit, known since 1900 
or earlier in South Africa, were caused by the tristeza virus, various workers suggested that 
South Africa may have been the source of infection for the other countries. This paper presents 
evidence that the outbreak of tristeza in South America was closely associated with known im- 
portations of citrus nursery trees from South Africa. It also discloses that at least one impor- 
tation of citrus budwood was infected with tristeza virus when it was received in the United 
States from South Africa in 1924. However, other evidence is presented that this virus was 
established in the United States many years earlier and that it is apparently of oriental origin. 

Some discussion is given of the need for international exchange of plant material, the 
dangers of distributing viruses in such material, and ways of lessening these dangers, 





INTRODUCTION 


During the past two decades the citrus industry of South America, and to a lesser extent 
that of California, has suffered a severe setback as a result of the fact that certain scion-stock 
combinations, notably those of sweet orange, Citrus sinensis (Linn. ) Osbeck, budded on sour 
orange, Citrus aurantium Linn., and some other rootstocks, have been seriously affected by a 
virus disease, or possibly a virus complex, generally referred to as "tristeza" in Brazil and as 
"quick decline" in California. Similar diseases are also known to occur in South Africa (15, 19, 
20, 30), Australia (4,14), Java (27), New Zealand (14), the Fiji Islands (2), West Africa (1, 13), 
Ceylon (23, 24), and Hawaii (11). In those countries, however, the actual losses in trees have 
been insignificant in comparison with those of South America and California. In Brazil alone an 
estimated eight million citrus trees have thus far been destroyed completely. In Mediterranean 
countries where sour orange is the principal rootstock and where the disease is not yet known 
to be present, many times this number may still become the prey of this dreaded disease if the 
necessary precautions are not taken to prevent its further dissemination, 

In 1946 Fawcett and Wallace (9) demonstrated that the "quick decline" disease is caused by 
a plant virus. Simultaneously Meneghini (16) in Brazil discovered that tristeza is caused by a 
virus which is transmitted by the citrus aphid, Aphis (Toxoptera) citricidus Kirk. This aphid 
has since been found to be the vector of tristeza virus in numerous countries of the world (13, 
14, 15) but it does not occur in the United States. In California Dickson et al. (5) discovered that 
the cotton or melon aphid, Aphis gossypii Glover, although somewhat inefficient as a vector, is 
capable of transmitting tristeza (quick decline) virus. Subsequently Norman and Grant (18), in 
Florida, transmitted the virus by means of the spirea aphid, Aphis spiraecola Patch, but their 
results indicated that this species too is a much less efficient vector than A. citricidus. 

It is now quite well established that the tristeza disease has been present in South Africa 
since 1900 or earlier, as suggested by Webber (30), who described several recorded instances 
of the failure of sweet orange trees on sour orange rootstocks, The later appearance of the 
disease in other parts of the world raised the question as to its origin and spread. According 
to Webber (30), Bennett and Costa (3), and Hector (12), it is possible that the disease originated 
in the Union of South Africa and found its way to other parts of the world by means of budded 
citrus trees on Rough lemon or other rootstocks, or in budwood from such trees, which are now 
known to be symptomless hosts of the causal virus (10, 19). 




















1 Paper No. 868, University of California Citrus Experiment Station, Riverside, California, 

2 Plant Pathologist, University of California Citrus Experiment Station, Riverside, California; and 
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Union of South Africa. 
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POSSIBLE INTRODUCTION OF THE TRISTEZA VIRUS 
INTO SOUTH AMERICA FROM SOUTH AFRICA 


Records found in South Africa indicate that 1,400 Lue Gim Gong orange trees on Rough 
lemon rootstock were exported to the Argentine in July, 1930, followed by a further exportation 
of 250 Navels, 500 Valencias, 350 Lue Gim Gong, and 100 Ruby Blood on Rough lemon rootstock 
about one year later. Thus 2, 600 sweet orange trees on Rough lemon rootstock, every one a 
possible symptomless host of this dreaded disease, were established in the Argentine during the 
period 1930-1931. 

It is highly significant that the so-called tristeza disease, or "podredumbre de la raicilla" 
as it was first known in the Argentine, made its first appearance in Argentina in 1930 or 1931, 
and in the Paraiba Valley of Brazil about 1937 (3). This fact, together with the knowledge that 
a great majority of the citrus trees in South Africa were infected by 1930, provides good evidence 
that the disease reached South America in a latent form as suggested above, It remained for the 
citrus aphid, Aphis (Toxoptera) citricidus Kirk., as. a vector to complete the vicious circle, 
thereby inflicting heavy losses on the citrus industry of South America. The almost immediate 
occurrence of the disease in South America after the introduction of citrus trees from the Union 
of South Africa, its subsequent rapid spread, and disastrous effects in South America are 
probably due to three main factors: (a) the relatively large numbers of trees introduced, (b) 
the great abundance of an efficient insect vector, A. citricidus, and (c) the presence of millions 


of trees on sour orange or other nontolerant rootstocks. 





CITRUS PROPAGATIVE MATERIAL AS A POSSIBLE 
MEANS OF INTRODUCING THE VIRUS INTO THE UNITED STATES 


No plausible explanation has so far been advanced for the sudden appearance of the so-called 
quick decline in the San Gabriel Valley of California during 1939, Inasmuch as certain lots of 
citrus material had been brought into the United States in previous years from South Africa and 
other parts of the world for experimental use, it seemed that this offered a means of introducing 
the causal virus. In spite of the fact that such material was, for the most part, brought in by the 
U. S. Office of Foreign Plant Introduction and was held for two years or longer in quarantine 
houses near Washington, D. C. and inspected for the presence of diseases and insect pests, 
viruses could have been present without being detected. After passing through quarantine screen- 
ing tests, the imported citrus material, in one form or another, was frequently released to ex- 
periment stations, chiefly in Florida and California, for further study. 

The published inventory of plant introductions of the U. S. Department of Agriculture reveals 
numerous importations which could have brought in the virus. Available records do not disclose 
the distribution in the United States of imported citrus material after release from quarantine. 
Many introductions either were not established after distribution, or did not prove worth while 
horticulturally and were not maintained. Thus, only a few of them are known to be still available 
for study in relation to their role in introducing the tristeza virus. At least this is the situation 
in regard to importations from South Africa, which eventually were sent to California from 
Washington, D. C. 


Studies in California of Grapefruit Importations from South Africa: In considering the matter 
of the introduction of the tristeza (quick decline) virus into California, the writers became aware 
of one importation from South Africa in which the virus could have been present, namely, Cecily 
grapefruit. This variety is reported to have originated in South Africa in 1922 as a bud mutation 
of the Walters grapefruit. Webber and Batchelor (31) state that the introduction was made "in 
about 1928," but the Inventory of Introductions of the Office of Foreign Plant Introduction of the 
U. S. Department of Agriculture shows that budwood of this variety was actually received in 
1924. Because of the results obtained in a study of this material and the importance of the find- 
ings as related to the matter of plant exchange between various regions, a somewhat detailed 
account of the Cecily grapefruit introduction is presented in this paper. 

It has been determined from the records at the Citrus Experiment Station at Riverside that 
Cecily grapefruit trees propagated in the quarantine houses of the U. S. Department of Agricul- 
ture following importation of budwood from South Africa, were sent to Yuma, Arizona, and to 
Indio and Riverside, California, in 1930. Nothing is known regarding the disposition of the trees 
sent to Yuma, Arizona, The tree or trees sent to Indio, California, were planted at the U. S. 
Date Gardens but were removed prior to 1935, Five Cecily trees have been available for study 
-- Trees 1 to 4 at Riverside and Tree 5 at the University of California at Los Angeles. The his- 
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tory of these trees and the results of tests for tristeza virus in them are as follows: 

Tree 1 is Cecily on Cuban shaddock rootstock. This was propagated in Washington,D. C., 
and in September, 1930, was sent as a budded tree to Riverside where it was held in a lath house 
until April, 1932, when it was planted in the field. This tree is dwarfed and unthrifty. On five 
different dates, transmission tests were made from this tree to seedlings of Mexican lime in 
order to determine if tristeza virus was present. Positive results were obtained in each trial 
since 32 out of a total of 37 lime seedlings inoculated developed typical symptoms of tristeza. 
When it was found that this tree was infected, it was examined for stem-pitting symptoms, but 
none were found. 

Tree 2 is Cecily on sweet orange (St. Michael) rootstock. This tree was propagated in 1930 
at the Citrus Experiment Station from Tree 1 and was planted in the field in April, 1932. Three 
transmission tests were made from this tree, and the virus of tristeza was transferred to lime 
seedlings in each test, 15 out of 19 seedlings developing symptoms. 

Tree 3 is Cecily on sour orange rootstock. This tree was propagated in Riverside in May, 
1930, from Cecily buds taken from a tree sent directly from Washington, D. C., to the U, S. 
Date Gardens at Indio, California. It appears to have grown normally. Two transmissions in 
which 28 lime seedlings were inoculated gave no indication that Tree 3 was infected. 

Tree 4 is Cecily on sour orange rootstock. This was also propagated from budwood from a 
tree at Indio, It was a normal-appearing tree up to the time it was removed in i950. Budwood 
from this tree had been sent to South Africa in 1949, where inoculation tests to Mexican lime 
seedlings and to nucellar Valencias on sour orange rootstock gave no indication that it was a 
carrier of the tristeza virus. 

Tree 5 is Cecily on sweet orange rootstock. This tree was propagated in 1933 and grown 
at the University of California at Los Angeles, The Cecily bud was taken from one of the trees 
then present at the Citrus Experiment Station, but records do not reveal the exact source, 
Transmission tests have been negative from Tree 5, This suggests that the bud parent was 
either Tree 3 or Tree 4, both of which were free of the tristeza virus. 

The discovery that Cecily Trees 1 and 2 are infected suggests that the virus was introduced 
in the original importation of budwood from South Africa, The small size of Tree 1, which is 
on the nontolerant shaddock rootstock, supports the conclusion that the virus was present in this 
tree when it was received from Washington, D. C, On the other hand, the finding that Cecily 
Trees 3, 4, and 5 are not infected suggests that some of the budwood imported from South Africa 
did not carry the virus, To explain this anomaly it is necessary to assume that the Indio parent 
of Trees 3 and 4 was grown from a bud which by chance did not carry the virus and that Tree 5 
was propagated from either Tree 3 or 4, This would mean, further, that some of the original 
trees grown in the quarantine houses at Washington, D. C., were propagated from buds in which 
the virus was not present, Results of studies in California suggest that this could have happened. 
Infection is sometimes not obtained in transmission tests with buds, or even small twigs taken 
from diseased trees. This has been true especially with inoculation material from lemon and 
grapefruit trees, It thus seems quite possible that virus-free buds can be obtained sometimes 
from tristeza-infected trees. 

Supporting evidence that the infection of Cecily Trees 1 and 2 at Riverside resulted from 
the introduction of virus in the original budwood from South Africa is that the amount of naturally 
occurring infection of citrus trees in the plantings at the Riverside Station has been almost 
negligible. Up to 1954 only three tristeza-affected trees had been found in the many hundreds of 
susceptible trees of sweet orange on sour orange rootstock, It seems quite doubtful, therefore, 
that the two Cecily grapefruit trees could have become naturally infected after they were planted 
out, while so many of the other adjacent highly susceptible trees escaped infection, 

The writers are of the opinion that the virus was present in some of the budwood of the 
Cecily’ grapefruit sent from South Africa to the United States in 1924, Our current knowledge 
of this disease and its widespread presence for many years in the citrus plantings of South 
Africa lead us to believe that even in 1924 there was little chance of finding an orchard tree of 
any considerable age in South Africa which had not become infected by that time. 

It cannot be concluded, however, that this one importation was responsible for the outbreak 
of "quick decline" in California, Where the infected Cecily trees have been growing since 1932 
there is no evidence of spread to adjacent trees. The original outbreak of the disease in Cali- 
fornia and the areas where it had caused the most serious losses are approximately 40 miles 
distant from the location of the Cecily trees. Furthermore, this variety was never propagated 
and distributed commercially. Whether or not this particular importation played any role in 
initiating the outbreak of "quick decline" in California can, of course, not be determined, It 
seems quite certain that it would have been an important source of inoculum had an efficient 
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insect vector, such as is present in many parts of the world, been on hand to spread the virus. 


Evidence of Oriental Origin of Tristeza Virus: Recent studies in Texas (21, 22) and Cali- 
fornia (29) have provided evidence that the tristeza virus is of oriental origin and that it was 
imported to the United States in citrus material from that source many years prior to the in- 
troduction of the Cecily grapefruit from South Africa. The Meyer dwarf lemon, which was 
brought to this country from China in 1908, and which has become popular as an ornamental or 
dooryard tree, appears to have been infected when it was imported, The presence of the virus 
in nearly all true Meyer lemon plants so far tested in California and Texas supports this belief. 
The early observations that the original Meyer lemon was not compatible with sour orange root- 
stock and the presence of infected Meyer trees at locations in both California and Texas where 
tristeza has not been observed on other susceptible citrus varieties, provide additional evidence 
that this variety was a carrier of the virus in its native home, China, 

Olson and MacDonald (21) reported the presence of tristeza virus in 17 out of 26 named 
selections of Satsuma oranges growing in an experimental planting near Winterhaven, Texas. 
Two Meyer lemon trees in this same planting were likewise found to be infected, but trees of 
orange, grapefruit, tangelo, and kumquat were not infected. This indicates that the virus is 
not being spread to any extent in that planting and supports the belief that the diseased trees 
there were carriers of the virus when they were planted, The original sources of the importa- 
tiens frem whieh the diseased Satsumas in Texas weve derived have not been determined, but it 
seems reasonable to assume that all of them trace back to importations from Asiatic countries. 

A somewhat similar situation exists in the plantings at the Citrus Experiment Station, River- 
side, California. In the many hundreds of susceptible trees, such as sweet orange on sour 
orange rootstock, only a few cases of tristeza so far have been observed. Transmission tests 
from a miscellany of citrus types have shown that a great majority are not infected. On the 
other hand, one Satsuma of Japanese origin and three mandarin oranges of unknown origin are 
carriers of the virus. A Batangas mandarin tree introduced from the Philippine Islands prior 
to 1930, and a Hawaiian shaddock grown from buds brought from Honolulu in 1914 were also 
found to be infected. A budling of Batangas mandarin propagated in 1930 from the original tree 
when it was received from the U.S.D.A, Plant Introduction Section, and a budling propagated 
in 1934 from the Hawaiian shaddock mentioned above, are also carriers of tristeza virus. 

It is of particular interest that the virus has been found in two different Satsuma selections 
propagated in 1914 from budwood obtained from Florida and now growing at the California Citrus 
Experiment Station. These results are accepted as evidence that tristeza virus was present in 
Florida for some years prior to 1914, 

A tree of Red Ling Mung, a mandarin-lime type growing at the University of California at 
Los Angeles was tested because of the observation made there that it did not grow well on sour 
orange rootstock. It was found to be infected. This introduction came from China to Washing- 
ton D. C., in 1931. Meyer lemon trees in this same experimental planting are also infected, 
but no tristeza has been observed on trees of sweet orange on sour orange rootstock at this lo- 
cation, This suggests that natural infection has not occurred to any great extent there, and 
supports the belief that the trees of Meyer lemon and Red Ling Mung were infected when planted. 





PSOROSIS AND OTHER VIRUS DISEASES OF CITRUS 


The well-known psorosis diseases caused by related virus strains are widely distributed 
throughout the citrus-producing regions of the world. The symptoms consist of transitory vein- 
clearing on young leaves and bark lesions or other effects on the tree trunks and limbs caused 
by some of the virus strains, The origin of these diseases is not known, The type which Faw- 
cett and Klotz (8) designated as "psorosis A" was first described under the name "psorosis" by 
Swingle and Webber (25) in Florida in 1896 and is known to have been present in California as 
early as 1891. The serious economic loss from psorosis has long been recognized (7, 26, 28). 
Recent studies by Moore et al, (17) led them to the conclusion that psorosis is the most impor- 
tant cause of tree loss in the citrus orchards of California. 

The virus of psorosis is transmitted in extremely rare instances through seeds. Disregard- 
ing the very infrequent transmission through natural root grafts, there appears to be no spread 
from tree to tree by such means as insects, pruning, or cultural practices. No noncitrus hosts 
of these viruses are known. 

There seems to be no question but that the psorosis diseases have been distributed over the 
world in the exchange of citrus propagative material. On infected trees the bark lesions, con- 
cavities, etc., frequently do not develop until the trees are many years of age. The young leaf 
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symptoms discovered by Fawcett (6) in 1933 are not continuously present. It is well known that 
the use of budwood from diseased trees results in diseased progeny trees. 

The viruses of other diseases of citrus, such as exocortis, stubborn, and cachexia, are 
likewise carried by certain citrus varieties which show no symptoms. No doubt these have 
been distributed to various parts of the world in propagative material, The absence of any visi- 
ble virus-like symptoms in plants therefore cannot be accepted as proof that they are virus-free, 
It is now clearly understandable why some plant viruses have escaped the most critical examina- 
tion of plant quarantine officials whose duty it was to inspect the foreign plant introductions 
from the standpoint of freedom from insect pests and infectious diseases. 


A NEW PROGRAM FOR IMPORTATION OF CITRUS 
VARIETIES INTO THE UNITED STATES 


Because of the recognized danger of virus diseases the introduction of new citrus varieties 
into California and certain other citrus-producing regions during recent years has been re- 
stricted to seed importation. This has been considered’to be a safe procedure, since studies 
of some of the known viruses of citrus have shown that even though the mother plant is infected, 
the viruses are very seldom transmitted to seedling progeny. However, there are several dis- 
advantages in establishing a new citrus variety by seed even though most varieties produce 
nucellar seedlings which as a rule are considered to be genetically iike the mother plant. The 
nucellar clones are frequently very thorny, with many sharp, long spines. In addition, there is 
often a delay of 10 years or more before such clones attain normal fruiting and growth charac - 
teristics. Furthermore, some citrus types do not produce nucellar seedlings, and in some in- 
stances desirable varieties are seedless, or practically so. None of these disadvantages are 
encountered in establishing an importation from budwood. 

The University of California, in cooperation with the Plant Introduction Section of the U. S 
Department of Agriculture and the Bureau of Plant Quarantine of the California State Department 
of Agriculture, has recently established facilities for indexing foreign importations of citrus 
varieties. The procedures of handling the introductions are as follows: 


1. Budwood of desired varieties is sent from the place of origin to the quarantine green- 
houses of the Plant Introduction Section, U. S. Department of Agriculture, located at Glenn 
Dale, Maryland. Propagations are made, and the resulting plants are studied under quarantine 
to determine if they are free of insect pests, bacterial and fungus diseases, and visible symp- 
toms of virus diseases. After passing this initial jnspection a plant or budwood of each selection 
is then sent to Riverside, California, where it is established by additional propagations in in- 
sect-proof quarantine greenhouses located in the center of the city some distance from any citrus 
plantings. 

2. When sufficient material becomes available, each introduction is then indexed on citrus 
seedlings of several varieties which have been selected because each of them is known to be an 
indicator of one or more citrus viruses. 

3. Index inoculations are made from each introduction to budded citrus trees comprising 
all the local, commercially grown combinations of scion and rootstock types. Such trees are 
observed in comparison with noninoculated controls for a period of 2 years or longer under 
quarantine conditions in order to determine if any newor hitherto unknown viruses are present 
which would injuriously affect the existing citrus plantings. This test includes trees of the com- 
mercially important varieties of sweet orange, lemon, grapefruit, lime, and tangerine growing 
on the rootstocks currently in use, as well as on other rootstocks which show promise of be- 
coming important in the immediate future. 

4. Each imported variety which passes the above screening test will be propagated on the 
rootstocks deemed suitable for planting in field plots. During this trial period in the field fur- 
ther observations will be made to detect, if present, any disease or weakness which might ap- 
pear later in the life of the trees, 


Such a procedure of indexing for disease requires several years. Before any selection 
can be released for commercial use it will be necessary to grow trees to productive maturity 
in order to determine their horticultural qualities, or to produce seeds of importations intended 
for use as rootstocks, It is believed that the initial indexing in the quarantine greenhouse will 
provide a critical test for viruses. Continued observation for delayed expression of disease or 
weaknesses during the time the trees are being brought into production in field plantings should 
serve further towards eliminating undesirable selections, 
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DISCUSSION 


The evidence that many plant viruses have been widely distributed in plant material, 
particularly in cuttings, budwood, or entire plants, raises the question as to whether or not 
the exchange of plant materials should be discontinued, or limited only to seeds. In this dis- 
cussion the writers consider this question primarily in regard to citrus, but the problems 
attending the introduction of citrus varieties or selections are quite the same with other plant 
species, especially with fruits and perennial woody ornamentals. 

Citrus is not native to any of the countries of the world which today are leading producers 
of citrus fruits. In these countries the citrus industry has been established, and to some de- 
gree maintained, by the importation of selections from other parts of the world, Exchange of 
citrus varieties between various countries has permitted experimental selection of more de- 
sirable rootstocks, has improved fruit quality, and has secured higher yielding trees, all of 
which contribute towards maintaining profitable production. It is hardly necessary to mention 
the advances resulting from the distribution of improved varieties or selections of citrus from 
their place of origin to other parts of the world. The value of the Navel and Valencia orange 
varieties in California and elsewhere is well known. Without these two varieties of foreign 
origin the orange industry in the United States could not have reached its present position. 

Even with the rather extensive collections of citrus species and varieties now available 
to research workers in the important citrus-producing countries the introduction of new mate- 
rial is advantageous. The improvement of citrus or the production of new selections or types 
is slow and uncertain by the usual plant-breeding techniques. Naturally occurring changes 
arising from bud mutation, and to some extent from hybridization, have provided valuable citrus 
types much oftener than planned experimental procedures. When better strains originate 
either naturally or by experimentation, it is desirable to provide a safe means of exchange of 
such material between the citrus-producing countries of the world. 

The fungus and virus enemies of citrus are becoming more widely distributed and very 
probably are also undergoing changes. This necessitates a constant search for new citrus 
varieties to replace those in use which are no longer resistant to certain disease -producing 
agents. When such problems arise the availability of experimental material in other parts of | 
the world and the ability to exchange such material sometimes provide a quick solution. 

The argument against unregulated international exchange of plant propagative material has 
become more justifiable as our knowledge of plant viruses has increased. However, the writers 
are of the opinion that interchange of citrus plant material is desirable and that it can be con- 
tinued in the future with little danger if proper precautions are taken. For the most part, bac- 
terial and fungal diseases and insect pests which might be brought in on plant material can be 
avoided at the place of origin, or discovered while such material is under study in quarantine 
greenhouses. On the other hand, viruses are much more difficult to detect. Their existence 
at times in latent form in certain host plants is a rather common phenomenon, Viruses af- 
fecting citrus, prunus, pomaceous fruit trees, and other plant species are known which induce 
no symptoms either on seedlings or budded plants of certain scion and rootstock combinations, 
but which cause severe injury when these carriers are budded to and grown on certain other 
rootstocks, or when the viruses are transmitted by one means or another to other varieties or 
species. 

The writers are not of the opinion that the plant-quarantine regulations of any country 
should be relaxed or weakened. Instead, it is their belief that quarantine programs generally 
should be reviewed with the idea of making them more effective. Propagative parts of some 
kinds of plants, particularly of bulbous flowers and woody ornamentals, continue to be dis- i 
tributed from one part of the world to another without sufficient knowledge of the viruses they i 
may be carrying or consideration of the dangers involved. It therefore would seem wise to con- 
sider the merits of requiring for certain other types of plants an indexing system similar to 
that in use in the United States for importations of propagative parts of grape and citrus, and 
the similar scheme now being developed in connection with the importation of stone-fruit vari- 
eties. 

The possibility will always remain that a virus which is latent in members of one plant 
family may escape detection and later, by means of insect transmission, become established 
and cause disease in other hosts. There seems to be no way of avoiding this possible danger, 
but the benefits to be derived from a supervised program of plant importation for experimental 
purposes would seem to outweigh this one objection. The fact that the known viruses affecting 
citrus appear to be specific for citrus provides some expectation that plants of this family will 
not serve as hosts or carriers of viruses which would affect species outside the citrus family. 

















Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan,. 15, 1956 9 


Literature Cited 





1. Anonymous. 1946. Gold Coast Colony Dept. of Agr. Rept. 
1945-1946, 

2. - 1947, Fiji Dept. of Agr. Agr. Jour. 18: 79-80. 

3. Bennett, C. W., and A. S. Costa. 1949. Tristeza disease 
of Citrus. Jour. Agr. Res. 78: 207-237. 

4, Cameron, A. E. 1945. "Tristeza" of Seville rootstock. 
Citrus News 21: 20-21. 

5. Dickson, R. C., R. A. Flock, and M. McD. Johnson, 1951. 
An insect vector of the Citrus quick decline disease, 
California Citrograph 36 (4): 135, 169-170. See, also: 
Citrus Leaves 31 (2): 6-7, 32. 

6. Fawcett, H. S. 1933. New symptoms of psorosis, indicating 
a virus disease of citrus. Phytopathology 23: 930. 





ae - 1939. Problems of scaly bark in relation to 
propagation of Citrus trees. Citrus Leaves 19 (4): 11-12. 
8. » and L. J. Klotz. 1938. Types and symptoms 





of psorosis and psorosis-like diseases of Citrus. 
Phytopathology 28: 670. 

a. , and J. M. Wallace. 1946. Evidence of the 
virus nature of citrus quick decline. California Citrograph 
32: 50, 88-89, 

10, » and - 1948. Sweet-root orange 
trees, symptomless carriers of quick decline virus. Citrus 
Leaves 28 (3): 6. 

11, Giacometti, D. C., and W. B. Storey. 1952. Citrus quick 
decline discovered in Hawaii. California Citrograph 37: 
357. 

12. Hector, J. M. 1947. The inter-relatedness of "Quick Decline" 
and "Tristeza". Citrus Grower 158: 1-3. 

13. Hughes, W. A., and C, A. Lister. 1949. Lime disease in the 
Gold Coast. Nature 164: 880. 

14, McAlpin, D. M., P. S. Parsai, R. Roberts, and R. H. Hope. 
1948. "Bud union decline" disease of Citrus. Victoria 
Dept. Agr. Jour. 46: 25-31. 

15. McClean, A. P. D. 1950. Possible identity of three Citrus 
diseases. Nature 165: 767-768. 

16. Meneghini, M. 1946. Sobre a natureza e transmissibilidade 
da doenca "Tristeza" dos Citrus. O Biologico 7: 285-287. 

17, Moore, P. W., Edward Nauer, and William Yendol. 1955. 
Psorosis -- Citrus enemy No. 1. California Citrograph 
40: 82-83, 93. 

18, Norman, P. A., and T. J. Grant. 1954. Preliminary studies 
of aphid transmission of tristeza virus in Florida, Proc. 
Florida State Hort. Soc. 66: 89-92. 

19. Oberholzer, P. C. J. 1947. The Bitter-Seville rootstock 
problem, Farming in South Africa, 22: 489-495. 

20. , I. Mathews, andS, F. Stiemie. 1949. 
The decline of grapefruit trees in South Africa. A preliminary 
report on so-called "stem-pitting."" Union South Africa 
Dept. Agr. Sci. Bul. 297. 

ai. , and J. R. McDonald, 1954, Tristeza in 
satsuma varieties in Texas. Plant Dis. Reptr. 38: 439-441. 

22. Olson, E, O., and Bailey Sleeth. 1954, Tristeza virus carried 
by some Meyer lemon trees in south Texas. Proc. 8th 
Annual Rio Grande Valley Hort. Inst., 84-88. 

23. Richards, A. V. 1945. Stock-scion influence in citrus. Trop, 
Agr. [Ceylon] 101: 61-71. 

24. - 1948. The influence of rootstocks on growth 
of budgrafted citrus. Trop. Agr. [Ceylon] 104: 182-189. 


























10 Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan,. 15, 1956 


25. Swingle, W. T., and Herbert J. Webber. 1896. The principal 
diseases of citrus fruits in Florida. U.S. Dept. Agr. Div, 
of Veg. Physiol. and Pathol. Bul. 8. 

26. Tidd, J. S. 1944. California citrus psorosis survey, Plant 
Dis. Reptr. 28: 638-640. 

27. Toxopeus, H. J. 1937. Stock-scion incompatibility in citrus 
and its cause. Jour. Pomol. and Hort, Sci. 14: 360-364. 

28. Wallace, J. M. 1953. Psorosis reduces citrus yields. 
California Citrograph 38: 83, 100-102. 

29. , and R. J. Drake. 1955. The tristeza virus 
in Meyer lemon, Citrus Leaves 35 (1): 8-9, 23. 

30. Webber, H. J. 1943. The "Tristeza" disease of sour-orange 
rootstock. Proc. Amer. Soc. Hort. Sci. 43: 160-168, 

31. , and L, D, Batchelor. 1943. The Citrus 
Industry. Vol. 1 (See p 578). University of California Press, 
Berkeley and Los Angeles. 








UNIVERSITY OF CALIFORNIA, CITRUS EXPERIMENT STATION, RIVERSIDE, CALIFORNIA 
AND UNIVERSITY OF PRETORIA, PRETORIA, UNION OF SOUTH AFRICA 





2 AME #2 


sere 











oe 





Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan,. 15, 1956 11 
’ 


HOST RANGE STUDIES ON PEA ENATION MOSAIC IRUS], 





F, L. McEwen and W, T. Schroeder 


Summary 


Experiments are reported in which the host range of pea enation mosaic virus was studied 
to determine possible overwintering hosts for this virus in New York State, The pea aphid 
(Macrosiphum pisi Kalt.) was used as a vector and 14 species of the family Leguminosae were 
tested, 

Plants found susceptible included alfalfa (six varieties), crimson clover, two types of white 
clover, white sweetclover, yellow sweetclover, common vetch, hairy vetch, broadbean, rough 
peavine, and garden pea, Plants found insusceptible were red clover (two varieties), black 
medic, alsike clover, birdsfoot trefoil, big trefoil, and red kidney bean, 

It was found that most of the varieties of alfalfa tested showed no foliage symptoms follow- 
ing infection with pea enation mosaic virus. 





Introduction 


Pea virus diseases are a major limiting factor in the production of peas in New York State. 
Surveys in commercial fields during 1955 indicated 30 to 60 percent virus-infected plants in 
pea growing areas. Although plants showing symptoms characteristic of infection with pea 
streak and pea stunt are common, pea enation mosaic virus can be recovered from at least 90 
percent of virus-infected plants. Swenson, et al, (10) reported some success in reducing the 
incidence of pea enation mosaic in peas through insecticidal control of its vector, the pea aphid 
(Macrosiphum pisi, Kalt.), but without a knowledge of the source of primary inoculum, efficient 
timing of insecticidal sprays is difficult. 

The host range of pea enation mosaic virus has been studied by a number of workers (1, 2, 
3, 4,6, 7,8, 9), but of the reported susceptible species which might serve to overwinter the virus, 
only yellow sweetclover, alfalfa, and alsike clover occur in the pea growing areas of New York. 
Of these three species alfalfa and alsike clover were reported as insusceptible by four of the 
five workers who tested them. Yellow sweetclover was reported as susceptible by only two of 
the four workers who tested this species, This plant is not a common crop or weed in the State, 
and although the pea aphid will breed on yellow sweetclover field examinations in the early 
spring and summer indicated it was not a preferred host since it was never found infested by 
more than a few aphids. Host range studies were therefore undertaken in 1954-1955 to deter- 
mine in what host or hosts pea enation mosaic virus overwintered in this area, 





Materials and Methods 





Seedlings of 14 species in the family Leguminosae, including six varieties of alfalfa (Medi- 
cago sativa L.), two varieties of red clover (Trifolium pratense L.), and two types of white 
clover (T,. repens L.) were tested under greenhouse conditions for susceptibility to pea enation 
mosaic virus. Two isolates of the virus (one originating in Washington State, the other in New 
York State) which had been maintained in peas for several years were used in these studies. All 
attempts to infect seedlings were made using pea aphids which had fed 48 hours on a Bonneville 
or Perfection pea plant showing typical symptoms of enation mosaic. These aphids were trans- 
ferred to individual seedlings, 5 to 8 per plant, where they were confined in a cellulose nitrate 
cage 2 inches in diameter, After 48 hours, the cages were removed and the plants sprayed with 
TEPP to kill all vectors. Approximately 3 weeks later, attempts were made to recover the 
virus through aphid transmission to pea, and 6 weeks later back-inoculation to pea by mechanical 
methods was attempted. Aphids used in back-inoculations were from colonies initiated by a 
single aphid previously indexed on a healthy pea plant to make sure it was not carrying the 
enation mosaic virus. Such aphid colonies were maintained on healthy peas or broadbeans,. In 
attempting recovery by aphid vectors, about 30 half-grown pea aphids were caged on each plant 
and after 48 hours these were transferred to healthy Bonneville or Perfection pea plants, 5 to 
10 aphids per plant. Forty-eight hours later these aphids were removed from the peas by 
spraying with TEPP. Virus recovery was attempted from several plants of each species inocu- 











1 Journal Paper No, 1023, New York State Agricultural Experiment Station, Geneva, New York. 
November 18, 1955. 
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Table 1. The host range of pea enation mosaic as determined in these studies 
and as reported in the literature. 





Susceptibility * 
Observed Reported 
__Host NES = em OB 
Alfalfa (Medicago sativa L.) 
Var. Grimm 
Hairy Peruvian 
Kansas common 
Narragansett 
Ranger 
Vernal 
Variety not specified 
Black medic (M. lupulina L.) 
Burr clover (M. hispida Gaertn) 
Spotted medic (M. arabica All.) 
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Crimson clover (Trifolium incarnatum L.) 
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Ladino clover (IT. repens L.) 
Wild white clover (T. repens L.) 
Alsike clover (TI. hybridum L.) 
Red clover (T. pratense L.) 

Variety not specified 

Var. Kenland 

Var. Mammoth 
White sweetelover (Melilotus alba Desr.) 
Yellow sweetclover (M. officinalis (L.) Lam.) 
Sweetclover, species not determined 
Common vetch (Vicia sativa L.) 
Hairy vetch (V. villosa (Roth)) 
Broadbean (V. faba L. 
Rough peavine (Lathyrus hirsutus L.) 
Sweet pea (L. odoratus L.) 
a pea (L. latifolius) 
Bean (Phaseolus vulgaris Le) 

Var. Corbett Refugee 

Red Kidney 
Birdsfoot eee (Lotus corniculatus L.) 
Big trefoil (L. uliginosus L.) 
Soybean (Soya max L.) var. Midwest 
Pea (Pisum sativum L.) 
Field pea (Pisum sativum var. arvense Poir.) 
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1. Pierce, 1935. 

2. Stubbs, 1936. 

3. Johnson and Jones, 1937. 
he Osborn, 1938. 

5. Ainsworth, 190. 

6. Chaudhuri, 1950. 

Te Simons, 195k. 


a+, indicates plant became infected; -, plant not infected; 0, not studied. 
* Natural infection. ** Both matural and induced infection. 





lated regardless of whether or not any abnormal foliage symptoms were observed. Checks, in 
which groups of aphids from the colonies being utilized in recovery attempts were caged on 
healthy pea plants, were carried out simultaneously with each group of back-inoculation trials. 
This entire procedure was carried out separately with each of the two isolates of pea enation 
virus studied, 
Mechanical methods of back-inoculation to pea involved the maceration of terminal leaves 
from each plant species tested and the transfer of the expressed sap to healthy pea plants with 
a glass spatula using carborundum as an abrasive. All pea plants were maintained for at least 
3 weeks following inoculation before final readings on virus infection were made. 
In addition to the above greenhouse tests, plants of alfalfa, vetches and sweetclovers show- 
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ing symptoms indicative of virus infection were collected in the field in May and June, 1955, 
These were taken to the greenhouse where attempts were made to transmit viruses from them 
to pea with cultures of previously non-viruliferous pea aphids. 


Results 


The results obtained are summarized in Table 1 together withapartial list of possible host 
species studied by other workers on pea enation mosaic and the susceptibility they reported. In 
this study the susceptibility of alfalfa as reported by Johnson and Jones (4) was confirmed. 
Back-inoculation by aphids gave positive enation transfers from some plants of all six varieties 
of alfalfa tested. Except in the variety Hairy Peruvian, no symptom attributable to enation in- 
fection could be described, although some plants from which this virus was recovered showed 
faint mottle or flecking. Hairy Peruvian alfalfa infected with pea enation mosaic showed a 
distinct mottle and elongate flecks. Symptoms appeared about 3 weeks after inoculation and 
became more prominent with slight chlorosis as the plant developed. Vein clearing, as de- 
scribed by Johnson and Jones (4), was not apparent, nor was it possible to recover the virus 
from alfalfa by mechanical inoculation, In addition to recovering pea enation mosaic from al- 
falfa following inoculation in the greenhouse, this virus was transmitted by pea aphids from an 
alfalfa plant collected in the field May 6, 1955, The variety of alfalfa involved in this case was 
not determined but foliage symptoms approximated those observed on Hairy Peruvian following 
induced infection in the greenhouse, 

Plants of two types of white clover were infected. In the ladino white clover, no symptoms 
attributable to enation infection could be detected. Infected plants seemed somewhat dwarfed 
but under the variability inherent in growing plants in pots in the greenhouse this effect, if 
present, was not sufficiently pronounced to justify characterization. In the inoculated wild white 
clover one plant which became infected was extremely dwarfed with thickened stems, and the 
pea enation virus was recovered from this plant by both aphid and mechanical back-inoculations, 
Whether the dwarfing in this plant was due to enation infection or a genetic variation is not known. 
Although exhibiting healthy foliage this plant had attained a height of only 1 1/2 to 2 inches when 
other plants of the same planting were 8 to 10 inches high. 

Two species of vetch, common (Vicia sativa L.) and hairy (Vicia villosa (Roth)) were sys- 
temically infected with pea enation mosaic in these tests. Back-inoculation to pea was positive 
by both mechanical and aphid transfers from common vetch but only by aphid transfers from 
hairy vetch, The symptoms produced on common vetch consisted of elongate flecks on the leaf 
laminae with little, if any, mottle. In hairy vetch the symptoms were similar but much less 
prominent. Under greenhouse conditions infected plants of either species of vetch died much 
sooner than did comparable healthy plants. Pea enation mosaic was also recovered by mechan- 
ical and aphid transfers from plants of common and hairy vetch collected in the field, Virus 
disease symptoms on such plants were sufficiently similar to those observed in the greenhouse 
to permit identification, 

Yellow sweetclover (Melilotus officinalis (L.)Lam.) and white sweetclover (M, alba Desr.) 
were both infected with pea enation mosaic in these studies. Back-inoculations to peas were 
positive by both mechanical and aphid transfers from each plant species. Symptoms were quite 
similar on both species of sweetclover. A slight foliage mottle appeared about 3 weeks after 
inoculation and this became more prominent as the plants matured. Pea enation mosaic was 
also recovered by aphids from a sweetclover plant collected in the field on May 9, 1955, 

Rough peavine (Lathyrus hirsutus L.) was found to be susceptible to pea enation mosaic and 
back-inoculations to pea were positive by both mechanical and aphid transfers. Symptoms on 
this host consisted primarily of elongate leaf flecks although some mottle could be observed, 

Of the previously confirmed hosts for pea enation mosaic included in these studies, broad- 
bean (V. faba L,) and crimson clover (T. incarnatum L.) were found to be suscepts and back- 
inoculations to peas were positive by both mechanical and aphid transfers, The symptoms pro- 
duced on these hosts were similar to those described by Osborn (5). 

No differences between the two isolates of pea enation mosaic employed in host range or 
symptom expression could be determined, 




















Discussion 


Of the plants reported here as susceptible to infection with pea enation mosaic virus, alfalfa, 
vetch and white clover are the most probable overwintering hosts of the virus in New York State, 
The distribution of these hosts throughout western New York, either as crop or weed plants, 
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could explain why pea enation mosaic is so prevalent year after year in that part of the State. 
The failure of most earlier workers to report the susceptibility of alfalfa to pea enation 
mosaic virus can be accounted for in that most of the common varieties of alfalfa are symptom- 
less carriers. This may also apply to the two types of white clover; whether or not symptoms 
may appear in mild form upon aging of the plant has not been determined. Except for the work 
of Osborn (6), it would appear that those reporting alfalfa insusceptible made no effort to re- 
cover the virus by back-inoculation from plants other than those exhibiting foliage symptoms. 
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WILTING, AN ATYPICAL PRIMARY SYMPTOM OF INFECTION OF 
POTATOES BY THE LEAFROLL VIRUS , 








R. E. Webb! 


Summary 


Plants of potato seedling variety X927-3 infected with the leafroll virus suddenly wilted 
about 20 days after inoculation and ere dead approximately 2 weeks later. Infected plants of 
other potato varieties and seedling varieties developed symptoms typical of leafroll. Bacteria 
and fungi associated with the decaying roots and stems of the wilted plants were nonpathogenic 
to healthy and secondarily leafroll-infected plants of seedling variety X927-3. The leafroll 
virus was transmitted by grafting from the wilted plants to healthy plants of Katahdin and by 
aphids, Myzus persicae (Sulz.), to healthy plants of Datura stramonium L. These results in- 
diexte that the wilting of leafroll -inoculated plants of seedling variety X927-3 may have been due 
to rvot starvation caused by severe phloem-necrosis of the stem induced by current-season in- 
fection by the leafroll virus and accentuated by the prevailing high temperature. 











Characteristic primary symptoms of early current-season infection of potato plants with 
the leafroll virus are slight stunting of the apical internodes, chlorosis, and an upward rolling 
of the apical leaflets. The rolled leaflets may become chlorotic, reddish or purplish, depending 
upon the variety of potato. Primary symptoms of leafroll in most potato varieties are followed 
by rolling and cupping of the leaves on the entire plant. Leaves of affected plants are rigid and 
leathery, and the plants are usually dwarfed. The hard and crisp, brittle or leathery condition 
of the foliage is a very important characteristic of potato leafroll. Leaves showing symptoms 
of leafroll do not wilt or become limp during periods of drought (5). 

This paper concerns potato seedling variety X927-3, which wilts and subsequently dies 
under certain environmental conditions as a result of infection with the leafroll virus. 


Methods and Results 





In Maine on June 28, 1955 (53 days after planting), 100 plants each of potato seedling va- 
rieties X927-3, B 24-58, and B 2834-3 and the varieties Chippewa, Green Mountain, Houma, 
Katahdin, and Sequoia were infested with leafroll viruliferious aphids, Myzus persicae (Sulz. ) 
It was hot and dry just prior to and for approximately 2 weeks after the aphid infestation. On 
July 10, 1955, the temperature reached 96° F. On July 13 some precipitation occurred, and 
subsequently the daily temperature dropped to the near normal upper 70's and low 80's for the 
remainder of July and early August. Approximately 20 days after aphid infestation, typical 
primary symptoms of leafroll were evident in some plants of all varieties except seedling va- 
riety X927-3. At about the same time, 96 plants of this seedling variety suddenly developed 
severe leaf rolling and leaf chlorosis over the entire plant. Concomitantly, affected plants 
suddenly wilted; the wilting was particularly evident in the terminal and axillary shoots (Fig. 

1). Wilting rapidly became more severe, and the affected plants were dead in approximately 2 
weeks after the initial appearance of symptoms. Plants of seedling variety X927-3 infected with 
the leafroll virus by the tuber-plug graft technique responded similarly. 

Fibrous roots of the wilted plants of seedling variety X927-3 were decayed, the lateral roots 
were dead, the basal sections of the stems showed cortical decay (Fig. 2), and the stolons and 
small tubers were soft and spongy. In cross- and longitudinal-sections, the stem tissue ap- 
peared dead approximately 2 to 2 1/2 inches above the base, The stelar tissue was brownish- 
grey and the pith light brownish-red, in some cases as much as 2 inches above the soil line. 
The tissue discoloration was uniformly distributed throughout the affected stelar region and was 
not limited to the vascular strands (Fig. 3) as Verticillium and Fusarium wilts typically are. 
Tissue from the discolored region of the stems was sterile or yielded bacteria. Cultures from 
the decaying roots or the basal stem sections yielded bacteria or several types of fungi; and 
reinoculations with these to the roots and stems of healthy and secondarily leafroll-infected 
plants of seedling variety X927-3 indicated that the bacteria and fungi were nonpathogenic. 








1 Plant Pathologist, Horticultural Crops Research Branch, Agricultural Research Service, 
United States Department of Agriculture. 
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FIGURE 1. A plant of seedling variety X927-3 showing 
wilt 25 days after infection with the leafroll virus. 


Four scions from healthy plants and 16 from wilted plants of seedling variety X927-3 were 
approach-grafted to healthy plants of Katahdin in the greenhouse. In 28 to 36 days, all the plants 
grafted with scions from the wilted plants developed apical symptoms typical of leafroll. 
Healthy Katahdin plants grafted with scions from the leafroll-infected Katahdin plants developed 
similar symptoms. Wilting was not evident in the grafted plants. Plants grafted with healthy 
scions were healthy when discarded 7 weeks after they were grafted. 

Scions from wilted plants of seedling variety X927-3 were placed in water and infested with 
virus-free aphids, After a 5-day acquisition period, 15 aphids were placed on each of 8 young 
healthy plants of Datura stramonium L. for a 3-day feeding period. Twenty-four days after 
infestation, 3 of the 8 plants developed slight leaf roll and moderate chlorosis in the lower 
leaves. Subsequent symptoms indicated infection with strain 5 of the leafroll virus (4). 





Discussion 


The reaction of potato seedling variety X927-3 to primary infection with the leafroll virus 
during 1955 has not been noted previously in the potato (2, 3, 5) and is distinctly different from 
that described for this seedling variety (3, 4). The absence of distinctive foliar symptoms prior 
to the sudden wilting of affected plants of X927-3 distinguishes this reaction from that induced 
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FIGURE 2. Root system and tubers of (left) 
healthy and (right) wilted plant of potato seedling variety 
X927-3 approximately 30 days after infection with the 
leafroll virus. 





FIGURE 3. Longitudinal sections of stems of 
(left) healthy and (right) wilted plants of seedling variety 
X927-3 showing deterioration of the lower stem and pith 
and vascular discoloration. 
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by the purple-top wilt virus (1). Previously inoculations of seedling variety X927-3 and other 
leafroll-resistant seedlings with the leafroll virus were made at greenhouse temperatures of 
approximately 75° and maximum field temperatures of 75°-85°F. At these temperatures, 
seedling variety X927-3 and other seedlings were highly resistant to infection with the leafroll 
virus. Plants that did become infected at these temperatures did not show degeneration'of the 
root system and did not wilt. In the 1955 test, plants of seedling variety X927-3 infected with 
leafroll during the current season wilted and died. Plants of this seedling variety grown from 
tubers produced by plants infected with the leafroll virus during 1954 developed symptoms typi- 
cal of those previously reported in this seedling variety, and they did not show root degeneration 
or wilt. 

Preliminary results indicated that the bacteria and fungi associated with the decaying roots 
and stems of wilted plants were not pathogenic to healthy and secondarily leafroll-infected plants 
of seedling variety X927-3. The presence of the leafroll virus in a number of wilted plants 
suggests that the atypical symptom of plant wilting is a result of current-season infection with 
the leafroll virus at abnormally high temperatures. 

Stem phloem-necrosis, an internal symptom of infection with the leafroll virus, is almost 
always present in infected plants, and its severity usually is correlated closely with the sever- 
ity of external symptoms. The severity of phloem-necrosis has been shown to vary among po- 
tato varieties and is influenced materially by environmental conditions (2). Hot dry weather 
generally increases the severity of phloem-necrosis in infected plants of most potato varieties. 
This suggests that the wilting of current-season infected plants of seedling variety X927-3 may 
have been due to root starvation as a result of severe phloem-necrosis accentuated by the high 
temperatures that prevailed for some time after plant infection. 

Tests are in progress to determine the relations between the severity of phloem-necrosis 
in current-season infected plants of seedling variety X927-3 and potato varieties at various 
temperatures, and also between temperature and resistance to the leafroll virus in the potato. 
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A SURVEY OF RING SPOT ON CUCUMBER IN WISCONSIN » 





J. B. Sinclair and J. C. Walker 


Tobacco ring spot has been shown to occur on watermelon in central Wisconsin by Pound!, 
but until this time its presence in cucumber in this area has not been recorded, During 1951 
mottled cucumber fruits collected in Michigan and Ohio were received from representative of 
H.J.Heinz Co. Assays with extracts from these fruits were made by inoculation to tobacco, 
cucumber and cowpea. Seven of 9 collections in 1951 produced mottle on tobacco and cucumber 
and local lesions on cowpea characteristic of cucumber mosaic virus (CMV). When the isolates 
were inoculated on zinnia, systemic mottle resulted and local lesions were not produced on the 
mottled leaves when inoculated with Price's local lesion strain No. 6 of CMV. The other two 
isolates induced typical ring spot symptoms on tobacco, small chlorotic spots similar to those 
induced by TRSV occurred on cucumber; while local lesions characteristic of TRSV developed 
on cowpea, This indicated that TRSV was present in the latter 2 samples. In 1952 a sample 
from Michigan showed presence of TRSV while two samples from Wisconsin and one each from 
Indiana and North Dakota yielded only CMV. 

For future surveys a differential assay was set up by inoculating to zinnia and tobacco 
(Havana 38) from each fruit or plant collected. When systemic mottle appeared on zinnia a 
second inoculation was made with No. 6 strain of CMV. When local lesions failed to appear, 
the presence of CMV was indicated. When chlorotic ring spot symptoms appeared on tobacco, 
presence of TRSV was indicated. In such plants newer leaves were usually symptomless. Such 
leaves were inoculated with a known isolate of TRSV. Failure of ring spot lesions to develop 
later on such leaves confirmed the presence of TRSV in the original isolate. 

In 1953, 50 mottled fruits were collected at several pickle receiving stations in central 
Wisconsin, Juice was extracted from each fruit and the above described assay was applied. 
Seventeen samples showed the presence of TRSV and 29 yielded CMV. 

In 1954, a survey of cucumber fields in central Wisconsin was conducted from July 14 to 
August 12. Of 59 isolates collected from foliage, 26 yielded TRSV, 27 yielded CMV while in 5 
both viruses were detected. Ina single case no virus was isolated. Two commercial fields 
found to be infected early in the season with TRSV were kept under close observation. The first 
symptoms on cucumber leaves consisted of chlorotic spots about the size of a pinhead. The 
spots remained practically unchanged for 4 to 5 weeks. New leaves which developed showed a 
mottle indistinguishable from that induced by CMV. At about the third week symptoms on newly 
formed leaves became masked and plants appeared to recover during the period of most rapid 
growth and fruit production. However, even though the foliage became symptomless, mottled 
fruits appeared from which TRSV was isolated. As the season progressed, CMV became wide- 
spread and the differentiation of ring spot from mosaic was not possible by casual examination. 
In September, 37 isolations were made from mottled fruits collected at receiving stations in the 
area, Thirty-three yielded CMV and 4 yielded TRSV. In 1955, 29 isolates were collected from 
plants in the field between June 29 and August 3. Seven contained TRSV alone, 16 contained, 
only CMV, 6 contained both TRSV and CMV. TRSV alone was collected between June 29 and 
July 14; CMV alone was collected between July 13 and July 27; on August 3,7 isolates contained 
CMV alone and 6 contained both viruses. On August 18 and 31, 1955, 21 isolates were secured 
from mottle fruits collected at receiving stations. Fourteen contained only CMV while 7 con- 
tained both TRSV and CMV. 

In both 1953 and 1954 the TRSV isolates from cucumber differed from the standard strain 
of TRSV isolated originally from tobacco and furnished by R. W. Fulton. Isolates from cucum- 
ber consistently induced milder symptoms on tobacco than did TRSV from tobacco, while the 
cucumber isolates induced the more severe symptoms on cucumber. Both the cucumber iso- 
lates and the standard strain induced local lesions on Black variety of cowpea. 

Comparisons at Madison, Wisconsin, of varieties developed for resistance to CMV with 
older susceptible varieties-showed that although resistant varieties such as Ohio MR17 and Wis- 
consin SMR12 produce commercially successful crops during cucumber mosaic epidemics, the 
plants become infected and varying percentages of the fruits show mild mottle. Both types of 
varieties are equally susceptible to ring spot. General observations of these trials indicate 
strongly, however, that ring spot in the absence of mosaic is less damaging to CMV-susceptible 
varieties than is CMV. On CMV-resistant varieties, however, the relative scarcity of leaf 
symptoms induced by CMV allows leaf symptoms of ring spot to become quite conspicuous. 





1 Pound, G. S. 1949. Avirus disease of watermelon in Wisconsin incited by the tobacco ring spot 
virus. Jour. Agr. Res. 78: 647-658. 
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The surveys reported above show conclusively that TRSV is widely prevalent on cucumbers 
in central Wisconsin, It appears as early in the season as, and often earlier than, mosaic. 

The source of the inoculum is unknown, Some of the most severely infected fields have been 
those grown for seed where transmission by pickers of immature fruit is not a factor, Seeds 
from such a field, in which widespread occurrence of TRSV was confirmed by assays, were 
germinated in vermiculite and grown to second or third leaf stage in large clay trays in the 
greenhouse. Of approximately 1,500 plants grown and examined only one showed signs of ring 
spot. The virus in this plant was confirmed as TRSV by the usual assay. Since it was possible 
that symptoms on other infected plants might have been masked, lots of 75 plants were assayed 
in each of 6 experiments. In some trials entire seedlings were macerated in a Waring blendor 
with distilled water and the extract inoculated on tobacco. In one trial only seedling roots were 
macerated, in another only cotyledons were used, and in a third case only epicotyls were tested. 
In no case was there any evidence of TRSV in the symptomless plants. 

In 1954, Ohio MR17 and National Pickling varieties of cucumber were sown in the green- 
house, transplanted to the field, and inoculated with the cucumber strain of TRSV. All plants 
showed typical ring spot symptoms. Mature fruits were harvested and seed extracted. During 
the same period National Pickling plants inoculated with the same virus were grown to maturity 
in the greenhouse. Seeds from greenhouse and field grown plants were germinated in vermicu- 
lite and kept under observation through the second leaf stage. Of 750 plants tested, none showed 
ring spot symptoms. Two gm. of seed from each of 4 fruits of the 2 varieties grown in the field 
were macerated separately in a Waring blendor with 20cc of water and the extract used to inocu- 
late cucumber and tobacco. No symptoms of ring spot appeared. The results indicated that 
transmission of TRSV in cucumber seed is rare and cannot account for the widespread occur- 
rence of the disease in central Wisconsin, Although experiments on the transmission of TRSV 
with melon aphids and striped cucumber beetle have yielded, so far, only negative results, the 
widespread occurrence of the disease would seem to justify a working hypothesis that an insect 
vector and a wild host reservoir are involved. 

Although a considerable acreage of CMV-resistant Wisconsin SMR12 was planted in central 
Wisconsin in 1955, it was not possible to make a fair comparison between resistant and sus- 
ceptible fields because of the general practice of spot replanting of fields of the resistant variety 
with seed of a susceptible variety when irregular stands occurred, This practice is only tem- 
porary and was occasioned by the limited supply of Wisconsin SMR12 seed in 1955, 

One greenhouse experiment with a CMV-susceptible variety indicated a synergistic effect 
of CMV and TRSV on severity of disease. This subject requires further study before final con- 
clusions can be drawn, It is an important question, however, inasmuch as CMV-resistant va- 
rieties are being adopted rapidly in Northern pickle growing areas. One question is whether or 
not general use of CMV-resistant varieties will provide a substrate for a greater build up of 
strains of TRSV which are more virulent on cucumber than usual wild strains of TRSV. An- 
other question is whether or not, if there is synergism between TRSV and CMV in cucumber, 
plants infeeted with, but resistant to CMV will be more severely damaged by the combination 
of CMV and TRSV than if the latter were not present, or if it were present without CMV. 
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¥ 
GEOGRAPHICAL DISTRIBUTION OF THE BARLEY 
YELLOW-DWARF VIRUS , 








Thomas C, Allen, Jr. and Byron R. Houston! 
Abstract 


The barley yellow-dwarf virus was found to be widely distributed in California in that the 
disease has been observed or the virus recovered from all but a few counties. The virus was 
recovered in 1954-55 from specimens collected in 15 widely scattered counties. An attempt was 
made to determine if the virus was present in other States of the United States. Oat, barley, 
wheat, and bromegrass specimens suspected of carrying the virus were shipped to Davis, Cali- 
fornia, by collectors in 9 States. The virus was shown to be present in the specimens from 8 
States, as follows: Arizona, Arkansas, Illinois, Maryland, Minnesota, Oregon, Washington, 
and Wisconsin. The results are presented as good evidence of a wide distribution of the virus 
in the United States, and a reference is made to a report by Oswald and Thung of the occurrence 
of the virus in Holland, 


Introduction 


The yellow-dwarf disease of cereal crops incited by the barley yellow-dwarf virus was first 
recognized as an aphid-transmitted virus disease in California in 1951 (4). Earlier attempts to 
link the disease to the ordinary root rot complex or some physiological cause were unsuccessful. 
In 1951 the epiphytotic proportions of yellow-c:. «rf made it apparent that the disease was different 
from the common California cereal diseases. A preliminary survey showed that yellow-dwarf 
was present in practically every barley-producing county in California, However, no detailed 
study of its distribution in California or of its presence outside of the State was made at the 
time. In 1952, Moore (3) and in 1954, Sill (9) reported two very similar diseases which they 
called blue dwarf and red leaf of oats. Rosen (8) found what appeared to be yellow-dwarf in 
Arkansas, and Wilson and Murphy (11) in Iowa, in 1952. Yellow-dwarf was found throughout 
Wyoming by Walters (10) in 1954. Recently, in 1955, Bruehl (1) reported a Washington strain 
of the barley yellow-dwarf virus. At about the same time Oswald and Thung (7) proved that the 
barley yellow-dwarf virus was present in Holland. 

Research regarding the distribution of the barley yellow-dwarf virus has been in progress 
at the University of California at Davis since January 1954. The results of this survey show 
that the disease is generally distributed in California, The research, however, also included 
attempts to ascertain positively if and where the virus was located inthe rest of the United States,’ 
Since a State by State survey was impracticable representative States were chosen. By arrange- 
ment with the California State Department of Agriculture, Bureau of Plant Quarantine, and 
cooperation with investigators in various States, plants expressing typical yellow-dwarf symp- 
toms were air-expressed directly to Davis, California. These plants were immediately iso- 
lated from all other plants, fumigated, and potted. Stock colonies of proven non-viruliferous 
apple-grain aphids, Rhopalosiphum prunifoliae (Fitch), were then placed upon the plants, After 
24 hours the aphids were transferred from the plants suspected of carrying the virus to several 
pots of barley seedlings of the varieties Atlas 46 (C.I. 7323), Blackhulless (C.1I, 666), and Rojo 
(C.1I, 5401), and oat seedlings of the variety Coast Black (C.I, 1025). Individual plant cages 
were used to confine ten aphids to each seedling; three plants being grown per pot. After 24 
hours the aphids were removed from the test seedlings by use of a suitable insecticide, If the 
barley yellow-dwarf virus was transmitted by the aphids, typical symptoms appeared in approx- 
imately 2 weeks. Each time, these plants were compared to duplicate trials in which non-virulif- 
erous aphids were placed on seedlings. In all tests the controls remained symptomless, proving 
that the symptoms were not produced by the temporary feeding of the non-viruliferous apple- 
grain aphids. 





Symptoms 


Detailed information regarding field and greenhouse symptom expression is given by Oswald 





1 Respectively, Graduate Research Assistant and Associate Plant Pathologist, Department of Plant 
Pathology, University of California, Davis. 
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and Houston (5). Symptoms described in this paper were those typically expressed on inoculated 
seedlings in the greenhouse at Davis, California. It was found that the lack of adequate light in 
winter did not give normal symptom expression from the standpoint of pigmentation so a bank of 
fluorescent lights was hung 3 feet above the bench, These were on 12 hours a day from 6:00 
A.M, to 6:00 P.M, and delivered 300-500 foot candles of light at pot level. This intensity and 
day length combined with natural light provided good symptom expression in the winter as well 
as in summer, 

Barley. -- Golden yellowing of the leaves and over-all stunting characterized most barley 
varieties. The yellowing progressed from the tip of the leaf downward, usually turning from 
blotches into a solid yellow. Serrated leaf edges were also observed in severe cases on certain 
varieties, Other varieties yellowed without stunting, or in the case of the variety Abate, and 
other varieties where anthocyanin is dominant, purpling of the leaves occurred. 

Oats. -- Symptom development in oats closely followed those described for barley except 
that the coloration ranged from orange to red, depending upon the oat variety infected. No yel- 
low coloration was observed. 

Wheat, -- Brilliant yellowing starting at the tips of newly formed leaves occurred about a 
month after inoculation. Very little stunting was evident in contrast to symptoms observed in the 
field (5). 

Grasses. --Purpling, reddening, yellowing, and stunting have been demonstrated by the 
various grass species (6). Bromegrass (Bromus rigidus Roth.), the grass most commonly 
received in this test, manifested a reddening or purpling and slight stunting when inoculated in 
the greenhouse. 


Distribution in California 





Barley, oats, and grasses expressing typical symptoms of yellow-dwarf were collected, 
potted, and placed in the greenhouse. Non-viruliferous apple-grain aphids were allowed to feed 
on the plants 24 hours, after which the aphids were transferred to 1-week-old seedlings of bar- 
ley and oats. If typical yellow-dwarf symptoms appeared, and controls fed on by the non-virulif- 
erous aphids showed no effects, the virus isolated was considered to be the barley yellow- 
dwarf virus. As with many viruses transmitted by insects, present methods involving electron- 
photomicrographs and serology have not been demonstrated as useable in identifying this virus. 
Therefore, transmission by the same aphid to similar hosts followed by similar incubation 
periods and symptoms were accepted as proof that the viruses were the same. 

During 1954 and 1955, the barley yellow-dwarf virus was recovered from the following 
California counties (Fig. 1): 

1. Tulare -- Recovered from barley recieved March 16, 1954 and March 19, 1954. Re- 
covered from oats received March 26, 1954, 

2. Stanislaus -- Recovered from a rye plant with typical yellow symptoms received March 
19, 1954, All attempts to reproduce symptoms in rye have failed. 

3. Butte -- Recovered from oats received March 26, 1954. 

. Tehama -- Recovered from oats received June 30, 1954, 
- Solano -- Recovered from barley received October 15, 1954 and April 28, 1955, 
. Kern -- Recovered from barley received December 15, 1954 and April 28, 1955. 
- Yolo -- Recovered from barley and oats received February 1, 1955. 
- Monterey -- Recovered from barley received February 13, 1955. 
- Santa Clara -- Recovered from barley and oats received February 14, 1955, 

10. Riverside -- Recovered from barley and oats received February 16, 1955. 

11, Santa Barbara -- Recovered from oats and barley received March 2, 1955 and April 17, 
1955. Recovered from grass received April 5, 1955. 

12. Kings -- Recovered from oats received March 2, 1955. 

13. Fresno -- Recovered from oats received April 17, 1955. 

14, San Mateo -- Recovered from oats received April 18, 1955. 

15. Imperial -- Recovered from barley received May 5, 1955. 

16. Los Angeles -- Recovered from barley and oats received May 5, 1955. 





oman Ow > 








Yellow-dwarf virus has been previously isolated or the disease has been observed in the 
following additional counties: Alameda, Colusa, Contra Costa, El Dorado, Glenn, Madera, 
Marin, Mendocino, Merced, Modoc, Napa, Orange, Placer, Sacramento, San Benito, San Ber- 
nardino, San Diego, San Joaquin, San Luis Obispo, Santa Cruz, Shasta, Siskiyou, Sonoma, Sut- 
ter, Tuolumne, Ventura, and Yuba. 

There are only 15 of the 58 counties in California that are not included in the preceding 
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Table 1, Results of attempted recovery of the barley yellow-dwarf virus from 
plants in States other than California. 











Date Virus 
States Collector Host Received Recovery 
WEST 
Arizona I. Je Shields Barley 5/19/54 = Positive 
Unive of Arizona Wheat 5/19/5h " 
Echinochloa crusgalli 8/ 1/55 Negative 
Oats 8/ 1/55 Positive 
Oregon C. A. Suneson Wheat 5/13/55 . 
Unive of California Bromus rigidus 5/13/55 ® 
Montana C. A. Suneson Barley 8/ 6/55 Negative 
Univ. of California Oats 8/ 6/55 " 
Washington G. W. Bruehl Oats 4/19/55 Positive 
Wash. State College 
MIDWEST 
Tllinois R, M. Takeshita Oats 7/16/55 ° 
Univ. of Illinois 
Minnesota M. B. Moore Oats 10/29/55 e 
Unive. of Minnesota 
Wisconsin D.C. Arny Oats l/ 2/55 " 
Univ. of Wisconsin 
EAST 
Maryland H, H. McKinney Barley 5/ 5/55 ° 
Ue Se Dede Oats 5/ 5/55 " 
Beltsville, Mde Oats 6/ 1/55 . 
SOUTH 
Arkansas H. J. Walters Oats 6/ 7/55 " 


Univ. of Arkansas 





lists. Those counties in which the disease has not been observed are Alpine, Amador, Cal- 
averas, Del Norte, Humboldt, Inyo, Lake, Lassen, Mariposa, Mono, Nevada, Plumas, San 
Francisco, Sierra, and Trinity, Based on the proximity of these counties to other counties 
where yellow-dwarf has been shown to be present, it is logical to assume that some of these, 
too, must contain diseased plants. More extensive survey work may reveal the presence of 
such plants. 

Distribution in the United States 





A number of reports of occurrence or suspected occurrence of the barley yellow-dwarf 
virus outside of California have not been verified by definite identification of the presence of 
the virus. Therefore, tq confirm or disprove these reports and suspicions, live plants were 
obtained from selected States and treated as mentioned previously. Results are included in 
Table 1, 





Thus, in all States surveyed, except Montana, plants exhibiting typical yellow-dwarf symp- 
toms proved to be carrying the barley yellow-dwarf virus. The somewhat desiccated condition 


of the plants received from Montana may have made it impossible to recover the virus, if 
present. The failure to recover the virus from the specimen of Echinochloa crusgalli from 





Arizona was to be expected since Oswald and Houston (7) reported this grass to be immune from 
this virus. 
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Summary and Conclusions 





The barley yellow-dwarf virus is widely distributed in California, symptoms having been 
observed or the virus recovered from all but a few counties. Outside of California it is now 
known to be present in widely scattered States, having been recovered from specimens from 8 
of the 9 States surveyed. These facts, added to the report by Oswald and Thung (7) of the posi- 
tive identification of yellow-dwarf in Holland, indicate a very wide distribution of the barley 
yellow-dwarf virus. However, as pointed out by McKinney (2), many factors induce pigment 
disorders in small grains other than infectious diseases; therefore, only aphid recovery studies 
can positively determine whether or not the barley yellow-dwarf virus is involved. 
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ADDITIONS TO THE HOST RANGE OF DWARF BUNT 





J. P. Meiners, J. T. Waldher, J. R. Hardison and H, S. Fenwick! 


Dwarf bunt2, for many years reported only on wheat in the United States, recently has 
been found to attack a number of forage grasses and rye (1, 2,3,5). This observed expansion 
of the known host range was the basis for intensifying research to determine the pathogenic 
limits of the dwarf bunt organism. To this end, several grass and cereal nurseries were 
planted and are being maintained in dwarf bunt-infested areas. In addition, observations have 
been and are being made on wild grasses growing in and about dwarf bunt-infested wheat and 
grass fields. Asa result of these expanded field studies, several new hosts for dwarf bunt 
were found in 1954 (4), and the list has been further extended by the current seasons's results. 


Agropyron sropyrpn Agropyron [ Bromus 
inerme trichophor in marginstus 





FIGURE 1. Healthy (left) and dwarf bunt affected 
(right) inflorescences of four grasses. The inflorescences 
of Bromus marginatus are incomplete, and only one-half 
of the healthy Agropyron trichophorum spike is shown. 








Four new hosts were observed in 1955, These include Agropyron inerme (Scribn. & Smith) 
Rydb., A. trachycaulum (Link) Malte, A, trichophorum (Link) Richt., and Bromus marginatus 
Nees (Fig. 1). The latter species extends the known host range to include for the first time the 
genus Bromus, although infection in 2 other genera, Dactylis and Festuca, in the tribe Festuceae 
were reported earlier (2, 4). 

Infection in Agropyron trachycaulum was found in a grass nursery planted at Worley, Idaho, 
which had a history of dwarf bunt in wheat. Infected plants of A. inerme and A, trichophorum 
were found in commercial fields of these grasses grown for seed production in Union County, 


























1 Agent (Plant Pathologist), Agent (Agronomist), Field Crops Research Branch, Agricultural 
Research Service, U. S. Departmentof Agriculture, in cooperation with the Idaho, Oregon, and 
Washington Agricultural Experiment Stations; Pathologist, Field Crops ResearchBranch, Agricul- 
tural Research Service, U. S. Department of Agriculture, and Department of Botany and Plant Path- 
ology, Oregon Agricultural Experiment Station, respectively. 

2 Variously referred to as Tilletia caries (D.C.) Tul., T. brevifaciens G, W. Fisch., or T, con- 


traversa Kuehn, with noconsensus on any one of these designations at present. 
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Oregon, 

Dwarf bunt? in Bromus marginatus was found near Elgin, Oregon, in a natural stand of this 
grass adjacent to a field of Alicel wheat in which there was an estimated 40 percent infection. 
Although there were numerous B. marginatus plants growing along the edge of the wheat field 
only one plant was found that had dwarf bunt. This plant was detected with difficulty because 
the panicle and spikelets were not noticeably altered by the disease, as is the case with most 
other grasses and cereals, In addition, the culm bearing the smutted inflorescence was only 
slightly shorter than those of non-smutted plants growing adjacent to it. 

The information in the present paper brings the known dwarf bunt host range to a total of 
12 species of Agropyron, in addition to Arrhenatherum elatius (L.) Presl., Bromus marginatus, 
Dactylis glomerata L., and Festuca rubra L., as well as the cereals, Secale cereale L., Tri- 
ticum aestivum L., and T, spelta L. Immunity to dwarf bunt has yet to be demonstrated in any 


species of Agropyron, and it is likely that the host range for dwarf bunt is still incompletely 
known, 
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Y 
EFFECT OF HOST AND SOIL SUBSTRATE ON THE PERSISTENCE OF 
FUSARIUM AND RHIZOCTONIA IN SOIL 1 \ 








Thor Kommedahl? and H. C. Young 


Experiments were made in the greenhouse of the effects on seedling blight of (a) 2 suc- 
cessive plantings of corn, oats and winter wheat, and (b) of the addition of corn stalks and am- 
monium sulfate to soil subsequently sown to winter wheat. These studies were made in ground 
beds of newly-introduced soil from an alfalfa field, in a greenhouse set at day and night tem- 
peratures of 70° and 60° F, respectively. 


Two Successive Croppings: Corn (C54), oats (Clinton 59), and winter wheat (Thorne) were 
sown in greenhouse beds. After 6 weeks, plants were dug and roots and crowns were plated on 
sucrose-nitrate agar. In the identical furrow from which plants were removed, seeds of the 
same crop were sown, After a second 6-week period, plants were removed and roots and 
crowns plated as before. 

The percentage of Fusarium-infected seedlings increased, from 1 to 44 for corn, from 30 
to 78 for wheat, and from 15 to 48 for oats, in comparing the first and second 6-week-old crops. 
However, the percentage of seedlings infected with Rhizoctonia solani Kuehn decreased, from 
4 to 2 for corn, from 38 to 6 for wheat, and from 25 to 14 for oats; only the decrease for wheat 
proved to be statistically significant at the 5 percent level. At least for wheat, Rhizoctonia- 
infected plants decreased in number as Fusarium-infected plants increased, The previous crop 
of wheat adversely affected the presence, or pathogenicity, of R. solani, Sanford (2) found that 
in the presence of wheat, oats, barley, and corn, isolates of R. solani soon disappeared despite 
a heavy original soil infestation. = 








Buried Corn Stalks and Blighted Wheat: Three plots were established in untreated green- 
house ground beds: naturally-infected corn stalks were buried in one plot, infected stalks plus 
ammonium sulfate (at rate of 20 lb. per ton of stalks) in a second plot, and a check plot. Thorne 
wheat was sown in these plots and 6-week-old seedlings were plated out on sucrose-nitrate 
agar. The results are in Table 1 for Thorne wheat; however, it was found previously that four 
winter wheat varieties were about equally susceptible to seedling blight, in the greenhouse. 





Table 1, The percentage of plants infected with Fusarium spp, and Rhizoctonia 
solani, when Thorne wheat was sown in greenhouse plots with and 
without infected corn stalks. 








a 
Percentage of plants infected with: 














Fusarium spp. Rhizoctonia solani 
Soil additive I II I II 
Stalks + (NH), ) 50), 75% 93% & 133+ 20% 
Stalks 76% 87% 22% 22% 
None (check) 62 62 39 60 





a Each percentage is based on an average of 4 replicates per plot, abor at 100 plants 
per replicate, and the whole experiment repeated and designated as "j" and "II" 
for the 2experiments. 

* Significant at the 5 percent level. 
** Significant at the 1 percent level. 





1 Journal Article No. 61-55 of the Ohio Agricultural Experiment Station, Wooster, Ohio. 
2 Formerly at the Ohio Agricultural Experiment Station; now at the Unive rsity of Minnesota, 
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Fusarium spp. were isolated more frequently than were any other fungi from wheat seed- 
lings, followed by Rhizoctonia solani. These two were the predominant genera. 

Table 1 shows that significantly more wheat seedlings were infected with Fusarium spp. 
when corn stalks were present in soil despite a relatively high infection in the check plots. 
This occurred in the two times that the experiments were made, 

With the increase in the number of Fusarium-infected seedlings, there was a significant 
decrease in the number of seedlings infected with Rhizoctonia solani (Table 1). 

The addition of ammonium sulfate to the stalks didnot alter significantly the percentage of 
infected plants. Apparently the effect is only from the corn stalks. It had been determined 
beforehand that Gibberella zeae (Schw.) Petch and Fusarium spp. were present in the stalks. 

From the results of Table 1, it is concluded that the presence of infected corn stalks in 
soil increases the likelihood of subsequent seedling blight of wheat, incited by species of Fu- 
sarium, and decreases the chances of infection by Rhizoctonia solani. The increase in organic 
matter in the soil may account for the lessened Rhizoctonia infection. Blair (1) showed that 
R. solani was suppressed by the addition to soil of fresh organic matter, and that this fungus 
had a low capacity for cellulose decomposition, 
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REDUCED YIELDS, WEAKENED STRAW AND OTHER 
ABNORMALITIES IN SMALL GRAINS INDUCED BY LATE FREEZES 
IN MARCH, 1955, IN ARKANSAS! | 











H. R. Rosen 
Abstract 


Following a mild growing period in the first half of March during which most varieties of 
winter oats, wheat, barley, and rye had broken their dormancy and were growing and jointing 
rapidly, the temperature dropped to 12° F, and to 9° F a few days later. In addition to much : 
killing of tissues resulting in reduced stands and in reduced numbers of tillers, most of the 
remaining tillers failed to develop normally and produced weak straw which lodged badly, and 
shriveled, undersized kernels. The weakness of the straw extended into the rachises of oat 
panicles resulting in drooping panicles which normally are erect. A marked increase in the 
number of primary florets bearing awns was noted in oats, Possible explanations are presented 
for the production of weak straw and undersized kernels, 





Exceedingly severe injuries were caused by late March freezes, particularly in the hilly 
and northern parts of Arkansas, to winter oats, wheat, barley, and rye in 1955, Some of the 
injury was obvious and immediate, being readily identified by dead leaves, dead tillers, or 
dead whole plants shortly after the freezes occurred. Other injuries or abnormalities were 
not obvious shortly after the freezes and did not appear until the panicles or heads were fully 
formed or until the plants were reaching maturity. 

Because of the mild and above-normal temperatures experienced throughout the State during 
the first half of March, most varieties of oats, wheat, barley, and rye had broken their dor- 
mancy and were shooting or jointing rapidly when the first freeze came on March 22, The plants 
were about 12 to 18 inches high, oats in general not being as far along as the other small grains. 
Examinations of the embryonic panicles and heads under a low-powered binocular showed that 
in most varieties they were fully formed. Only one wheat variety, Ponca, was found that had 
not yet broken its dormiancy and had not as yet produced recognizable embryonic heads, 

There was not so much difference between the winter oat varieties grown at the University 
farm, Fayetteville, as between wheat varieties in the development and distance from the soil 
line of the embryonic panicles and heads. In oats they were mostly about 2 inches, while in 
most wheat, barley, and rye varieties they were about 6 to 8 inches, above the soil. Were it 
not for the greater inherent hardiness of winter wheat, barley and rye compared with winter 
oats, these cereals probably would have suffered far more than yield records indicate. 

At the University farm the temperature dropped to 12° F on March 22 with a snowfall of 
about 1 inch, which rapidly disappeared so that when the lowest temperature of 9° appeared on 
March 26 there was no snow protection. This was followed by 3 successive days with tempera- 
tures below freezing so that the soil remained frozen to a depth of 4 to 6 inches for several days. ; 

These severe freezes, coming at a time when most plants had broken dormancy and were 
growing rapidly, caused much damage not only to small grains but to nearly all fruit crops and | 
to many different types of ornamental and shade trees, shrubs, and bushes. Many sizable ever- 
greens including numerous varieties of hardy junipers and nearly all arbor-vitae were either 
completely killed or severely injured. The wonder is that there was any survival at all in the 
small grains. 

As might be surmised, there was much killing of tissues and considerable reduction in 
stands in all small grains. Numerous commercial fields of oats and wheat were abandoned or 
turned under because of the very low percentages of survival. 

Reduction in yield of all small grains was considerable, wheat apparently suffering more 
than oats, In the varietal test plots the highest yielding wheat variety, Ponca, produced at the 
rate of 24.9 bushels per acre, while the highest yielding oat, Traveler, produced 67.8 bushels 
per acre, a difference of 679.6 pounds of grain per acre in favor of oats. In the average year 
there is no such marked difference, indeed wheat often outyields oats in pounds per acre. 

Two different factors were seemingly involved in the greatly reduced yields of wheat. One 
was associated with reduced stands and reduced numbers of tillers, and the other with such a 








1 Published with the approval of the Director of the Arkansas Agricultural Experiment Station, 
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FIGURE 1. Atlas 66 wheat. Left -- 
shrunken, undersized kernels typical of most 
wheats affected by the March 1955 freezes. 
Right -- same variety under average conditions. 





FIGURE 2, Arkwin oats. Left -- 
drooping panicle typical of most oats sub- 
jected to the March 1955 freezes. Right -- 
normal or average panicle of the same variety. 
Note also the greater number of awns on the 
1955 panicle, 
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weakening of the remaining tillers that the grain failed to fill out properly (see Fig. 1), despite 
abundant rainfall and relative freedom from parasitic diseases. 

This subnormal grain development was in turn associated with very much weakened straw. 
Varieties which usually produce excellent straw and seldom lodge, such as Arkwin among oats 
and Chancellor and Taylor among wheats, were badly lodged. Indeed lodging, partly assisted 
by strong winds, was so severe in the 16 varieties and selections of oats in the varietal test plots 
that three replicates had to be abandoned, and of the 10 varieties and selections of wheat, nota 
single one was completely free from lodging although all were harvested, The least amount of 
lodging was found in one breeding number, T 1123-3 (C.I. 13127), and this number also suffered 
less in poor seed development than any other variety or selection in the tests except Ponca. 
Thus, there appeared to be a high correlation between weakness of straw and poor seed develop- 
ment although no such correlation had been noted by the writer in previous years. 

A possible explanation for the poor development of both straw and grain is that the root 
systems suffered severely during the freezes and never fully recovered. This led to an unbal- 
anced condition between root and top growth, so that more florets set seed and there was more 
stem growth than the roots could support adequately. At any rate, the sudden freezing of soil 
at a time of rapid growth must have injured the root systems to a considerable degree even aside 
from the reduction in root growth normally associated w ith destruction or removal of top growth. 
There is some indirect evidence for root injury. It consisted of the observation of tillers which, 
while remaining green and seemingly uninjured a few days after the freezes, gradually waned 
and died a considerable number of days later, 

Another possible explanation for the abnormal development of straw and grain is that the 
panicles or heads suffered some injury while they were in the embryonic stage, the injury not 
being sufficient to kill the whole fruiting structure but enough to interfere with normal develop- 
ment, Sorauer, for example, describes and illustrates rye stems and seeds injured by late 
spring frosts, that showed various abnormalities including injuries to the vascular bundles. 
However, Sorauer's descriptions indicate that they applied to plants that had already formed 
stems and seeds. 

Another interesting observation of the effects of these freezes was the production of nodding 
or lax panicles on oat varieties which normally produce erect panicles (see Fig. 2). Evidently 
the weakness of straw, resulting in lodging, extended upward into the rachises causing them to 
droop. 

Finally, it was observed that in any oat variety that normally produces awns on about 25 to 
30 percent of the first florets, the percentage of awns was greatly increased or doubled (see 
Fig. 2). How or why freezes should cause such increase is not clear to the writer. 


AGRICULTURAL EXPERIMENT STATION, UNIVERSITY OF ARKANSAS 





2Sorauer, Paul. 1914. Manual of PlantDiseases. Vol. 1. Non-Parasitic Diseases (Translated 
by Frances Dorrance). See pp. 537-547. 
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~ CO-OPERATIVE SEED TREATMENT TRIALS -- 1955! « 





J. E, Machacek? 


Summary 


A comparison was made, under experimental plot conditions at 25 stations, of the effective- 
ness of a number of recently introduced seed dressings against the surface-borne smuts of 
wheat, oats and barley, and against seed rot of flax, All the products tested were effective 
against bunt of wheat, and most of them against seed rot of flax, The control of smut of oats 
and barley is considered inadequate, the failure being attributed to the method of infesting the 
seed, 





Nineteen seed treatments were compared under expe: mental plot conditions in 1955, The 
comparison was made at 17 stations in Canada and 8 stations in the United States. As in several 
previous years, the various products were tested under greenhouse conditions for phytotoxicity, 
for their ability to prevent seed rot, and for the minimum storage period required by the treated 
seed to provide adequate control of surface-borne smut. 

The seed used in these trials was as follows: Red Bobs wheat artificially contaminated with 
spores (1:200 by weight) of bunt (mixed Tilletia foetida (Wallr.) Liro and T. caries (DC.) Tul.), 
Vanguard oats artificially contaminated (1:200) with mixed spores of Ustilago avenae (Pers. ) 
Rostr. and U, kolleri Wille, Odessa barley artificially contaminated (1:200) with spores of U. 
hordei (Pers.) Lagerh,, and Royal flax in which about 50 percent of the seeds were fractured 
during threshing. 

To increase the amount of smut in the subsequent crop, the contaminated oat and barley 
seed was passed through a Knapp-Monarch homogenizer to loosen the hulls. To do this, first 
200 cc. of water was put in the homogenizer tank and the machine was set into motion at half- 
speed, then a quarter-pound lot of smut-contaminated seed was poured into the whirling water 
and processed for 10 seconds. Finally, the contents of the tank were poured ‘out over a screen 
to separate the seed from the spore-suspension, The processed seed was then dried thoroughly. 

The new seed dressings in the 1955 co-operative trials were as follows: 








Aldmer -- A wettable dust containing 40% aldrin and 2% mercury as mixed 

phenyl mercury acetate and ethyl mercury chloride. Supplied by the Chipman 
Chemicals Ltd., Winnipeg, Man, 

Canuck Liquid Mercury -- A fluid containing 3.6% mercury as mixed phenyl 
mercury acetate and ethyl mercury acetate. Supplied by J. J. Hambley 
Hatcheries Ltd., Winnipeg, Man. 

Canuck Mercury Aldrin -- A nonwettable dust containing 40% aldrin and 2% 
mercury as mixed phenyl mercury acetate and ethyl mercury chloride. 
Supplied by J. J. Hambley Hatcheries Ltd., Winnipeg, Man, 

Canuck Organic Mercury -- A wettable dust containing 5% mercury as 
mixed phenyl mercury acetate and ethyl mercury chloride. Supplied 
by J. J. Hambley Hatcheries Ltd., Winnipeg, Man. 

Ceresan M-ND -- A wettable dust containing 3.2% mercury as ethyl mer- 
cury p-toluene sulfonanilide. Similar to Ceresan M but an ingredient 
is added to reduce the dustiness of the product. Supplied by the Du 
Pont Company of Canada Ltd., Toronto, Ont, 

Co-op. Dual-purpose ST -- A wettable dust containing 40% aldrin and 2% 
mercury as mixed phenyl mercury acetate and ethyl mercury chloride. 
Supplied by Interprovincial Co-operatives Ltd,, Winnipeg, Man. 

Co-op. Liquid Mercury -- A fluid containing 4% mercury as phenyl mercury 
ammonium acetate. Supplied by Interprovincial Co-operative Ltd., 
Winnipeg, Man, 

Mema 4 -- A fluid containing 4% mercury as methoxy ethyl mercury acetate, 























1 Contribution No. 1505 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 


2 Senior Plant Pathologist, Plant Pathology Laboratory, Winnipeg, Manitoba. 
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Table 1, Control of seed-borne disease by seed treatment. 

















Smtty heads Seed 
Dose (oz./bu.) or panicles (%) ros (4%) 
a a 

Treatment 
Cereals Flax Wheat Qats Barley Flax 
1. Control (dry seed) 0.00 0.00 30.1 4703 13.9 82.3 
2. Ceresan M (dust) 0.50 1.50 | md 13.0 1.3 65 04 
3. Aldmer 2.0a> 5.00 tw 13.5 £2 70.6 

6. Canuck Mercury- 

Aldrin 2.00 5.00 | t& 12.0 1.5 67.3 

9. Canuck Organic 
Mercury 0.50 1.50 tr 1567 1.9 63.8 
he Ceresan M-ND 0.50 1.50 0.1 12.9 1.8 659 
5. Co-op. Dual-purpose ST 2.0ab 5.00 t& 12.2 1.8 7226 
7. Mercury-Heptachlor 2.00 5,00 tr 15h 1.2 69.5 
8. Mer-kote 0.75 2625 0.9 2.6 1.5 10.7 
10. Product X 2.005 5,00 0.6 18.8 oh 76.6 
12. San with % Oil 0.50 1.50 | T& 15.0 1.7 66 3 
ll. Sanocide 0.50 1.50 1.6 4209 1246 82.3 
13. Spergon-SL 2.00 2.00 0.3 39.2 ho? 7505 
14. Panogen 15 (liquid) 0.75 1.50 tr 14.2 2.0 68.8 

15~- Canuck Liquid 
Mercury 0.50 1.50 tr 271 207 1306 
16. Co-op. Liquid Mercury 0.75 2.25 Tt 30 4 3.5 71.9 
17. Mema 4 0.75 c t 16.2 1.9 7307 
18. Mer-lin 2.00b 5.00 0.5 18.8 5el Tl ek 
19. New Liquisan 0.75 2.00 0.1 33.1 5.1 The3 
Least significant difference (5% point) 4o2 3.1 204 304 











a Means of data from 13 stations for wheat, 16 stations for oats, 18 stations 
for barley, and 11 stations for flax. 

b1.400z./bu. for oats and barley on account of their higher seeding rates. 
C For flax Mema 4 is diluted (3 pt. to 1 gal. water) andusedat the rate of 23 
cc. per 101b, seed. 

d Tr = less than0.1%. 


Supplied by Canadian Industries Ltd., Montreal, Que. 

Mercury-Heptachlor -- A dust containing 40% heptachlor and 2% 
mercury as mixed phenyl mercury acetate and ethyl mercury 
chloride. Supplied by The Sherwin-Williams Co. of Canada 
Ltd., (Green Cross Insecticides), Montreal, Que. 

Mer -kote -- A wettable dust containing 4% mercury as pheny] mer- 
cury acetate. Supplied by Stauffer Chemical Company Ltd., 

North Portland, Ore. 

Mer-lin -- A fluid containing 34.5% hexachlorocyclohexane and 
about 1% mercury as phenyl mercury ammonium acetate, 

Supplied by Stauffer Chemical Company Ltd., North Portland, 
Oreg. 

New Liquisan -- A fluid containing 2.44% mercury as mixed pheny] 
mercury acetate and ethyl mercury acetate. Supplied by The 
Sherwin-Williams Co, of Canada Ltd., (Green Cross Insecticides), 
Montreal, Que. 

Product X -- A nonwettable dust containing 40% aldrin and 1.54% 

mercury as phenyl mercury formamide. Supplied by Niagara 











<r 
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Brand Spray Company Ltd., Burlington, Ont. 

San with 5% Oil -- A nonwettable dust containing 5% mercury as mixed 
phenyl mercury acetate and-ethyl mercury chloride, Supplied 
by The Sherwin-Williams Co, of Canada Ltd., (Green Cross 
Insecticides), Montreal, Que. 

Sanocide -- A wettable dust containing 40% hexachlorobenzene, Supplied 
by California Spray-Chemical Corporation, Richmond, California. 

Spergon-SL -- A wettable dust containing 95% tetrachloro-para-benzo- 
quinone. Supplied by Naugatuck Chemical Co., Naugatuck, Conn. 





Control of Smut and Seed Rot 





The ability of the above products to control surface-borne smut in wheat, oats and barley, 
and seed rot in flax, is shown by the data presented in Table 1. Products 2 to 13, inclusive, 
are dusts, while products 14 to 19 are fluids. Most of the dressings controlled wheat bunt and 
flax seed rot to a satisfactory degree, but not oat and barley smut. It is presumed, however, 
that if naturally infested seed of oats and barley had been used, the control of smut in these 
crops would have been more satisfactory. In any event, a comparison shows that the dust 
treatments Aldmer, Canuck Mercury-Aldrin, Ceresan M-ND, and San with 5% Oil controlled 
oat smut as well as the well-known standard dust treatment Ceresan M, while in the case of 
barley smut, all of the dust treatments (with the exception of Sanocide and the possible excep- 
tion of Spergon-SL) proved to be fairly satisfactory. Among the fluid treatments, only Panogen 
15 and Mema 4 showed definite promise. For flax seed rot, the beneficial effect of seed treat- 
ment was somewhat obscured by the low germinability of the seed that had to be used, but the 
data in Table 1 show that Ceresan M, Canuck Organic Mercury, Ceresan M-ND, Co-op, Dual- 
purpose ST, and San with 5% Oil gave the best results. 


Phytotoxicity to Seed 





None of the products tested in 1955 were conspicuously phytotoxic to wheat, oats, barley 
or flax, providing the seed was sown within a month after treatment. Wheat seed treated with 
Mer-lin showed some of the characteristic coleoptile and root hypertrophy produced by mercury 
and hexachlorocyclohexane, while wheat and oat seed treated with Sanocide showed the slightly 
lowered germination (without seedling distortion) previously noted for most products containing 
hexachlorobenzene. In 1955, a new phytotoxicity symptom was noticed when oat seed was 
treated with products containing aldrin, The symptom consisted of a bleaching of the green 
tissues at the apex of the first seedling leaf, The tips of the second and subsequent leaves 
failed to show this chlorosis and growth to maturity seemed unaffected, 


Minimum Period of storage Needed by Treated Seed 





Part of the wheat, oats, and barley seed treated for the Co-operative Seed Treatment 
Trials of 1955 was sown in 6-inch pots, when treated and 1, 4, and 8 days after treatment. The 
plants were grown in a greenhouse until maturity, when the amount of smut was determined, 
In wheat, bunt developed in quantity (24.1 percent) in untreated seed and to a small amount 
where the seed had been treated with Co-op. Dual-purpose ST, Canuck Organic Mercury, or 
Canuck Liquid Mercury. No bunt developed, however, when the seed treated with the latter 
three products was stored for 4 days or more, The plants from seed treated with all the other 
products tested were free from smut, irrespective of the duration of storage, In oats, 55.5 
percent of the plants showed smut when the seed was not treated, and a lesser amount when 
treated, but none of the products tested controlled smut entirely even when the treated seed 
was stored for 8 days. Storage of treated seed progressively reduced the amount of smut for 
all products (even Sanocide, claimed to be specific against bunt) except Aldmer and Co-op. 
Dual-purpose ST. In barley, where 18.2 percent of the plants from untreated seed showed 
smut, treatment with Aldmer, Mercury-Heptachlor, Canuck Organic Mercury, or Product X 
prevented smut altogether. A progressive decline of smut with an increase in the duration of 
storage was noted for Ceresan M and Ceresan M-ND, but no distinct trend was apparent for 
the remaining products in the trial as the amount of smut was small and irregularly produced, 
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y A PRELIMINARY REPORT OF NEMATODES FOUND ON 
CORN, TOBACCO, AND SOYBEAN IN MARYLAND! ~ 


vw 








W. R. Jenkins, D. P. Taylor, and R. A. Rohde? 
Abstract 


A preliminary survey conducted during the 1955 growing season in Maryland revealed that 
25 genera of known or suspected plant-parasitic nematodes occurred on corn, tobacco, and soy- 
bean, Of the known plant-parasites, Tylenchorhynchus sp. occurred most frequently in all 
samples and in 3/4 of corn and tobacco samples. Pratylenchus sp, occurred in 45 percent of 
all samples and Xiphinema sp, in 41 percent, Diphtherophora sp., a possible plant-parasite, 
was unusually frequent, being found in 26 percent of all samples. 











Table 1, Plant-parasitic and possible plant-parasitic nematodes found in 
the soil about roots of plants in 328 fields. These samples 
included 143 from corn, 111 from tobacco, and 74 from soybean, 











‘iii $ Host : 
us 

: Corn: Tobacco : Soybean : Total 

: pb " Ps ¥ Ps N P 

Aphelenchoides 20 14.0 22 «19.8 12 16.2 Sk 16.5 
Aphelenchus S392 28 25.2 28 3729 2 3hel 
Criconemoides 5 3.5 2 1.8 2 2e7 - 7.9 
Diphtherophora 32. 22k 33 «29.8 21 «28.4 8% 26.2 
Discolaims 20 14.0 17 15.3 ii | 6th? 48 14.6 
Ditylenchus 82 57.3 5. 45.9 35 k73 168 51.2 
Dorylaimellus 1 0.7 o 0 0 0 1 0.3 
Doryllium 5 3.5 1 0.9 2 2.7 8 2.4 
Helicotylenchus 38 26.6 wy 12.6 22 «29.7 7 22. 
Hemicycliophora 3 60 6 0 oO 0 Oo 1 0.3 
Hoplolaims 25 17.5 17 15.3 17 23.0 59 18.0 
Leptonchus ee *) 1 0.9 2 2.7 3 0.9 
Longidorus 8 5.6 o oO 5 6.8 13 4.0 
Meloidogyne 2 1.4 3 2. 7 7 9. S 12 3.7 
Weotylenchidae® 6 e2 19 17.1 8 10.8 33. -:10.1 
Paratylencus 12 8.4 3 U.7 2 27 27 6.2 
Psilenchus 1 10.5 8 7.2 s 68.7 25 Te6 
Rotylenchus 6 4&2 3.02.7 °o °0 9 2.7 
Trichodorus ll s7e7 S ks 10 «613.5 2% 769 
Tylencholaimel lus 10 7.0 2 1,8 kh Sok B® 4.9 
Tylenchorhynoms 73 © 8©651.0 7% 68.5 29 «39.2 178 = Sk? 
Tylenchus 3% 25-1 33 29.8 26 35.2 95 29.0 
Xiphinema 57 39.8 49h 29-392 135s l.2 





4 Number of samples in whicheach genus was found, 
b Percentage of samples in which each genus was found. 


Cc Included weré the genera Deladenus, Neotylenchus, Nothotylenchus, and 
Paurodontus. 





1 Scientific Article No. A523, Contribution No. 2654 of the University of Maryland Agricultural 
Experiment Station, Department of Botany. 


2 Assistant Professor of Plant Pathology, Graduate Assistant, and Graduate Assistant in Plant 
Pathology, respectively. 











Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan. 15, 1956 


In the spring of 1955 a survey was initiated in Maryland to determine the genera of known 
and possible plant-parasitic nematodes present within the State. This survey was also intended 
to provide information concerning distribution of these nematodes according to host, soil type, 
geographic area, and seasonal preference. 

From May through September about 900 samples were collected from the basal portions of 
plants and included roots of the various hosts. Each sample was a composite of a single field 
and usually represented 6 to 10 8-inch cores taken with a soil sampling tube. Soil was proc- 
essed by a modified Baermann funnel extraction technique. Since this project was to provide 
general information on nematode occurrence in Maryland, collections were made in a random 
manner and were not restricted to fields exhibiting symptoms of nematode injury. 

Collections in 1955 were made primarily in the sandy-soil] regions of the State, which in- 
clude the lower Eastern Shore and the five tobacco-growing counties that comprise southern 
Maryland. Collections in 1956 will be concentrated in the northern and western parts of the 
State for a more complete survey, 

Only those genera found in the 328 samples from corn, tobacco, and soybean are included 
in this report (Table 1), Percentages representing the proportion of samples in which each 
genus occurred were computed. Total frequencies and percentages are also included. 

The infrequency of the genus Meloidogyne on these crops, especially tobacco, probably 
does not represent the true facts. Sasser's3 work in 1954 made it unnecessary to do more 
than depend upon males and larvae for occurrence of this genus, instead of making a detailed 
search for galled roots. 

Tylenchorhynchus claytoni Steiner occurred frequently on tobacco samples and in many 
cases was predominant in the nematode population, This agrees with Graham's? findings in 
South Carolina, where T. claytoni occurred in 68 percent of samples taken from stunted to- 
bacco. 

Diphtherophora sp. occurred in an unusually large number of samples (26.2 percent), 
Another possible plant parasite, Dorylaimus spp., occurred most frequently of all genera. 

The common soil forms Mononchus spp. and Rhabditis spp. occurred in 52.4 percent and 
44.2 percent of these samples respectively. 

Following accumulation of second-year results, it is planned to examine data to determine 
environmental effects on nematode distribution, In addition, certain genera will receive more 
intensive study to establish pathogenicity, host ranges, and economic importance, 
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3Sasser, J. N. 1954, Identification and host-parasite relationships of certain root-knot nema- 
todes (Meloidogyne spp.). Maryland Agr. Exp, Sta. Tech, Bul. A-77. 

4Graham, T. W. 1954, The tobacco stunt nematode in South Carolina. (Abs.) Phytopathology 
44: 332. 
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* 
yy, SOYBEAN VARIETIES TESTED AS HOSTS OF THE 
THE CLOVER CYST NEMATODE v 





G. R. Mankau and M. B. Linford! 
ABSTRACT 


Twenty-seven varieties of soybean were tested in pot culture for susceptibility to an Illinois 
population of the clover cyst nematode, H. schachtii var. trifolii. Larvae were found to enter 
the roots of all varieties freely. Small numbers of mature females and cysts with eggs were 
found in only two varieties, Dunfield and Earlyana, and a few stunted, immature females were 
observed on the roots of six others, but no enlarged nematodes were observed on the remaining 
19 varieties. 








Investigators searching for the soybean cyst nematode, Heterodera glycines Ichinohe, that 
is known in this country only in North Carolina (4), are likely to encounter the more widely 
distributed clover cyst nematode, H. schachtii var. trifolii Goffart. These related nematodes, 
which are sufficiently similar morphologically to permit confusion, are reported to have at 
least one host in common, Phaseolus vulgaris, in which both develop moderately (1, 2,3). These 
facts made it advisable to determine whether the clover cyst nematode could develop freely in 
any varieties of soybean: If it could, such varieties would be unsuitable for use in host tests 
designed to distinguish between these nematodes. Gerdemann and Linford (1) found the clover 
nematode unable to mature in Hawkeye, the only soybean variety they tested. 








MATERIALS AND METHODS 


Seed of 27 varieties of soybeans, representing all maturity groups from 0 through VILL, 
was provided by D. W. Chamberlain, U. S. Regional Soybean Laboratory, Urbana, Illinois. 
These varieties, which are listed in Table 1, are representative of soybeans grown from the 
northern to southern limits of culture in this country, 

Soil sufficient for the two separate tests was mixed as one uniform batch and stored in 
covered buckets, This was a mixture of sand and soil, part of it freshly steamed and part 
heavily infested with the clover cyst nematode, retained from earlier greenhouse cultures. 
These were subcultures of the populations studied by Gerdemann and Linford, that had been 
maintained through many generations in white clover and Ladino clover. After this mixture 
was prepared, a test planting of Ladino clover proved it to be very heavily infested. Several 
pots of Ladino clover were again planted as checks in parallel with soybeans in the two tests to 
be described, and all became heavily infected, 

The 19 varieties of Groups 0 to IV were planted May 2, 1955, with three seeds per 4-inch 
pot and two pots per variety. One plant was removed from each pot after 18 days and its roots 
processed with acid- fuchsin in lactophenol to determine if larvae had entered. The remaining 
plants were removed 36 days later when the washed roots were examined for cysts, and washings 
were examined for both cysts and larvae. The cysts were collected on a No. 60 sieve and the 
larvae on a No. 325 sieve. One pot per variety was examined first, then the remaining pots 
were examined under code numbers instead of varietal names to avoid possible bias. The entire 
root mass, spread in water, was examined under a stereoscopic microscope, then turned over 
and examined again. Selected parts of each sample were cut out, spread more adequately, and 
examined in detail; and other selected parts were stained and cleared to permit detection of 
parasites within the tissues. Histological preparations were made from rootlets of Dunfield 
and Earlyana varieties bearing enlarged females or cysts. 

The eight varieties of groups V to VIII were planted July 11, 1955, and examined after 44 
days. Methods of examination were the same except that staining and clearing with acid fuchsin 
in lactophenol was omitted with all but three varieties. 





1 Research Assistant in Plant Pathology and Professor of Plant Pathology, respectively, University 
of Illinois, Urbana, Illinois. 
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FIGURE 1, Maximal development of the clover cyst nematode in roots 
of soybean. 

A. Longitudinal section of soybean root showing "giant cell’ occupying 
entire stele. 

B. Cross-section of another giant cell group with portion of stele still 
intact, 

C. Section of cyst in cortex with some internal organs still remaining 
and with eggs in various stages of development including fully developed 
first-stage larvae. 
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Table 1. Development® of Heterodera schachtii var. trifolii Goffart, 1932 on soybean 
varieties of eight maturity groups. 








Group 0, Group II, (cont.) Group Y, 

Capital o* Hawkeye 1% Dortchsoy 67 - 
Comet I Richland 1 S - 100 0 
Flambeau 0 Group III. Group VII, 

Group I, Lincoln 0 Jackson 0 
Renville 0 Dunfield I,M Lee 0 
Blackhawk I Illini 0 Ogden 9) 
Earlyana I,M Group IV. Roanoke ) 
Mendarin-Ot towa I Clark 0 Group VIII, 

Monroe 0 Chief 0 Biloxi 0 

Group II, Perry I Improved Pelican 0 
Adams 0 Wabash o* 

Harosoy 0 





20 -no development observed 
I - some immature females observed 
M - some mature females and cysts with eggs observed 


RESULTS 


Washings from the soil from each pot at the termination of each test contained several 
hundred Heterodera larvae that were caught on the No. 325 sieve. A few of these larvae were 
well supplied with opaque reserves suggesting that they had hatched recently. The great ma- 
jority, however, had the starved appearance of larvae that had hatched some weeks earlier and 
that had been unable to feed effectively, even as ectoparasites. } 
Many old cysts from the original infestation, collected from the washings from soybean 
pots on the No, 60 sieve, contained eggs that hatched promptly and in large numbers when 
placed in distilled water, This suggests that soybean root diffusates may have inhibited hatch- 
ing, because old cysts from the Ladino clover check pots, treated similarly, produced only 
small numbers of larvae. 
Soybean roots that were stained and cleared after 18 days' growth indicated that the larvae 
of the clover cyst nematode entered all varieties freely. Roots treated similarly at the end of 
the test still showed some larvae in root tips. They also contained many empty larval tunnels, 
the larvae having either left the roots or died within them. 
At the close of the tests no enlarged females or cysts could be found in 19 of the varieties 
(Table 1). Roots of six varieties carried very few slender, stunted, immature females that 
contained no eggs.. Mature females or young cysts with eggs were found in small numbers only if 
on Earlyana and Dunfield roots and these were associated with larger numbers of females that } 
apparently had failed to mature. The most advanced stages found had developed slowly, were 
small and still white, and contained relatively few eggs. No evidence was found of egg deposi- 
tion in a gelatinous matrix. Development appeared somewhat better in Earlyana than Dunfield, 
as judged by slightly more numerous and larger cysts, the largest of which were comparable 
in size to those found on Ladino clover. Maximum development in soybean is illustrated in 
Figure 1, A,B,C. 
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DISCUSSION 


None of the soybean varieties included in thése tests can be regarded as a suitable host of 
the Illinois population of the clover cyst nematode. Observed differences between varieties, 
however, are sufficient to suggest that some variety still more favorable to the nematode than 
Earlyana may possibly occur. 

From these results it appears unlikely that any naturally occurring infestation of this 
clover cyst nematode will be found on soybean. Even the two varieties in which best develop- 
ment of the parasites occurred could not be expected to permit a population of the nematode to 
maintain itself, It also appears that a host test in pot culture, comparing Ladino clover and 
any of the soybean varieties here tested, could be relied upon to distinguish the clover cyst 
nematode from H. glycines. 
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x *SOME PARASITIC NEMATODES ASSOCIATED WITH 
WILD STRAWBERRY PLANTS IN WOODLANDS IN MARYLAND vy 
—) 








A. C. Goheen, and A, J. Braun! 


In New York, Lownsbery et al.2 found Pratylenchus sp., Criconemoides rusticum, and 
Xiphinema americanum in soil samples taken from a recently cleared forest area that had been 
wooded for over 30 years. If parasitic nematodes such as these are generally present in wood- 
land soils in eastern North America one can expect nematode problems to develop on suscepti- 
ble crop plants in newly cleared land, even if precautions are taken to prevent the introduction 
of nematodes on transplants or agricultural equipment. 

To determine whether parasitic nematodes that might attack the first strawberry plants set 
in newly cleared land are present, the authors sampled the roots of plants of the wild straw- 
berry, Fragaria virginiana, and the adjacent soil from 12 wooded areas in Maryland, Judging 
from the size of the trees in these areas, the forests were at least 30 years old. The samples 
examined were restricted to the border regions of the woods because F. virginiana does not 
grow in dense shade, The roots of the wild plants in the samples showed varying degrees of 
root rot, similar to that found on plants in many commercial strawberry fields. 

Parasitic nematodes were found in 10 of the 12 samples. The nematodes and the frequency 
of their occurrence were as follows: Helicotylenchus nannus (spiral nematode) in 7 samples, 
Xiphinema sp. (dagger nematode) in 5, Criconemoides sp, (ring nematode) in 5, Pratylenchus 
penetrans (meadow nematode) in 4, Criconema sp. (ring nematode) in 3, Meloidogyne hapla 
(northern root-knot nematode) in 1, Tylenchorhynchus sp, (stylet nematode) in 1, Hoplolaimus 
sp. (lance nematode) in 1, and Paratylenchus sp. (pin nematode) in 1. Three samples each 
from Anne Arundel, Montgomery, and Howard Counties and 1 from Carroll County contained 
at least one of the parasitic nematodes. One sample each from Carroll and Washington Counties 
were free of parasitic nematodes. One sample collected near Deale, in Anne Arundel County, 
contained meadow, northern root-knot, dagger, ring, and stylet nematodes. 

Spiral nematodes were encountered most frequently. In the soil from 5 of the samples, 
they were the most abundant nematode found, Dagger, ring, and stylet nematodes were each 
found in large numbers in soil in at least one of the samples. Meadow nematodes and northern 
root-knot nematodes were found as endoparasites in the wild strawberry roots, in 4 and in 1 of 
the samples, respectively. 

These data indicate that many nematodes that can parasitize strawberry plants are widely 
distributed in wooded areas in Maryland. Because these woodland areas are located in regions 
where cultivated crops may have been grown a century or two earlier and because nematodes 
may have been carried by water or by animals from nearby cultivated land, it is not possible 
to state definitely that these nematodes are indigenous. However, since meadow, ring, dagger, 
and spiral nematodes were found in 4 to 7 of the 12 wooded areas, circumstantial evidence sug- 
gests that these four nematodes at least are indigenous in Maryland. 
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1 Respectively, Pathologist and Nematologist, Horticultural Crops Research Branch, Agricultural 
Research Service, U. S. Department of Agriculture, 

2 Lownsbery, B. F., J. W. Lownsbery, andW. F. Mai. 1951. Nematodes found in New York State 
fields with several different cropping histories. Amer. Potato Jour. 28: 681-686. 
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SHORT NOTES CONCERNING NEMATODES 





i" DOES THE ROOT-KNOT NEMATODE 
(MELOIDOGYNE SP.) THRIVE IN THE ROOTS 
OF STRAWBERRY PLANTS IN MASSACHUSETTS? By John S¢ Bailey! 











Strawberry growers in Massachusetts have been reluctant to obtain strawberry plants from 
southern nurseries because of nematode troubles associated with such plants. Frequently, 
plants heavily infested with root-knot nematodes have been received. Usually these have been 
discarded and destroyed for fear of contaminating a whole field with this type of nematode. 

In the spring of 1954 a strawberry grower in the Falmouth area on Cape Cod received a 
shipment of virus-free Howard 17 plants very heavily infested with root knot. He decided to 
take a chance and planted them. In September several mother planis were dug from his field 
and the roots examined. The number of galls on the old roots appeared not to have increased. 
In fact, one got the impression that there were fewer than in the spring. The new root had very 
few galls and these were very small. 

Again in the late spring of 1955 several plants were dug from this field and examined. The 
appearance of the roots was the same as in the fall of 1954. Considering the size and abundance 
of the galls when the plants were set, the small number and small size of the galls on the new 
roots was quite impressive. These observations suggest that in Massachusetts root knot nema- 
todes infesting strawberry roots do not thrive, although some live over winter. 

UNIVERSITY OF MASSACHUSETTS 
1 Associate Research Professor, Department of Pomology, University of Massachusetts, East 
Wareham, Massachusetts. 





® CULTURE OF DORYLAIMUS 
ETTERSBERGENSIS IN VITRO By John P. Hollis and Max J. Fielding 








One of the spear nematodes, Dorylaimus ettersbergensis de Man, 1885, has been success- 
fully maintained in culture. The nematodes were separated from soil by the method of Christie 
and Perry}, then transferred, together with associated microorganisms, to Petri plates of 





water agar, and incubated for 70 days. During observations and preliminary studies of the cul- 
tures, it appeared that D. ettersbergensis feeds on the conidia of a moniliaceous fungus prob- 
ably belonging to the genus Cephalothecium Corda and on the non-motile cysts of a small, free- 
living, ciliated infusorian of the genus Drepanomonas2 belonging to the family Microthoracidae 
Wrzesnowsky3. The nematode has not been observed to feed upon the fungus hyphae or the 
motile ciliate stage of the protozoan. 

The nematode multiplies rapidly in agar cultures of the fungus. Its feeding, on both spores 
and cysts, is facilitated when the agar dries and free moisture is eliminated, thereby condition- 
ing the medium to hold these bodies in position against the force which the nematode must exert 
in order to puncture their walls with its buccal stylet. 

Linford* observed members of the genus Dorylaimus Dujardin, 1845, feeding upon other 
nematodes, nematode eggs, rotifers and large infusoria, but this is apparently the first record 
of the continuous culture of a species of Dorylaimus in vitro. 

DEPARTMENT OF PLANT PATHOLOGY, LOUISIANA AGRICULTURAL EXPERIMENT 
STATION, UNTIED STATES DEPARTMENT OF AGRICULTURE, AGRICULTURAL RESEARCH 
SERVICE, HORTICULTURAL CROPS RESEARCH BRANCH COOPERATING 
1 Christie, J. R., andV. G. Perry. 1951. Removingnematodes fromthe soil. Proc. Helminth. 
Soc. of Wash, 18: 106-108, 

2 Identified by Dr. Harry J. Bennett, Department of Zoology, Louisiana State University. 
3Calkins, GaryN. 1926. The biology ofthe protozoa. 623 pp. LeaandFebiger, Philadelphiaand 
New York, 

4Linford, M. B. 1937. The feeding of some hollow-stylet nematodes. Proc. Helminth. Soc. of 
Wash, 4: 41-46. 
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rd 
' CONTROL OF BLACK ROOT ROT OF STRAWBERRIES 
WITH NEMATOCIDE-FUNGICIDE COMBINATIONS Vv 








Patrick M. Miller 
Summary 


Vapam and ethylene dibromide plus Terrachlor, treatments having both nematocidal and 
fungicidal properties, gave better control of black root rot of strawberries than either nema- 
tocides or fungicides used alone. Control by either type of treatment alone was only inter- 
mediate as compared to that given by a combination treatment. 





Several workers have shown a close relationship between nematodes and various root or 
soil-borne diseases (6). Varieties of cotton resistant to Fusarium wilt in nematode-free soil 
are more susceptible in the presence of root-knot or other nematodes (1, 4,6,8). Tobacco may 
be less resistant to Granville wilt (3) or black shank (7) in the presence of root-knot nematodes. 
In the Netherlands little damage by soil fungi to strawberry roots was found unless parasitic 
nematodes, particularly meadow nematodes, were present (2). Rhizoctonia solani and Praty- 
lenchus minyus, found associated with a root rot of winter wheat (5), caused about equal stunt- 
ing of the wheat. When they occurred together they caused stunting about equal to the sum of 
the effects of each pathogen singly. 

Since black root rot of strawberries has caused serious losses to strawberry growers of 
Connecticut, tests were set up to determine possible reduction of this disease with soil applica- 
tions of fungicides, nematocides, and combinations of these. 








Materials and Methods 

Plots were located in an area where tomatoes had been grown in 1954. Each plot consisted 
of 10 Stelemaster strawberry plants placed 15 inches apart in rows 6 feet apart, planted on 
May 7. Within the row the plots were separated by 4-foot intervals. One row constituted 1 
replicate and each treatment was replicated 5 times. 

Nemagon (1, 2-dibromo-3-chloropropane), Dow-fume W-85 (ethylene dibromide, 85% active 
ingredient), and CBP-55 (chlorobromopropene) were applied at a depth of 6 feet with a hand soil 
injector at 10-inch intervals in 3 bands 10 inches apart, making a 30-inch wide treated area, 
Other treatments, except the oxyquinoline sulfate, were mixed with 2 gallons of water, sprin- 
kled over the plot in a 30-inch band centered on the row and dug into the soil to a depth of 4 to 
6 inches with a roto-tiller. These treatments included parathion (O-O-diethyl O-p-nitrophenyl 
phosphorothioate, 25% wettable powder), Vapam (n-methyl dithiocarbamate dihydrate), Ter- 
rachlor (pentachloronitrobenzene, 20% active ingredient), nabam (disodium ethylenebisdithiocar- 
bamate, 19% active ingredient), Thioneb (a polyethylene thiuram sulfide experimental fungicide, 
50% wettable powder), and zepharin chioride (benzalkonium chloride, 12.8% active ingredient). 
The oxyquinoline sulfate was added in 2 gallons of water to each plot as a soil drench 3 days 
after planting. For a treatment with known nematocidal and fungicidal properties, ethylene di- 
bromide and Terrachlor were applied to the same plots as a combined treatment, by the same 
method and at the same time as the separate treatments. Dates and rates of application and 
sources of the materials are given in Table 1, 

Black root rot ratings made on October 27 were based on the condition of the aerial parts 
of the plants and ranged from 1 -- all plants healthy, to 5--all plants dead, Examination of 
sample plants after rating showed that the condition of the upper parts of the plants was closely 
related to the condition of the roots. Examination of roots of plants that were stunted, with few 
runner plants, or generally in poor condition, showed the typical black root-rot symptoms of 
blackened, dead roots with few new lateral roots. 

No evidence of root-knot nematodes could be found, but nematodes belonging to the genera 
Paratylenchus and Pratylenchus had been found in samples taken from the roots before planting. 

Results are summarized in Table 1. 








Discussion 


Although Nemagon was injurious in this test, application at the rate of 1 1/2 gal./acre to 
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Table 1, Black root-rot of Stelemaster strawberries following soil treatment. 








Treatment Source Rate Date Black root 
Applied Applied® _—rot rating 
Control oe oo — 304 
Ethylene dibromide Dow Chem. Co. 6 gal./ k=l 209 
acre 
ferrachlor Olin Mathieson Chem. Corp. 30 aed 5-4 2.6 
a 
Ethylene dibromide 6 gal./acre 4-11 
+ Terrachlor 30 lb./acre 5—k 1.9 
Vapam Stauffer Chem. Co. 25 lb./acre 5<k 2.0% 
Nemagon Shell Chem. Corp. 4 galefacre 4-11 hol 
Parathion General Chem. Co. 9 lb./acre 5-4 2.6 
CBP Shell Chem. Corp. 9 gal./acre k-11 302 
Naban Rohm & Haas Co. 5 gal./acre 5-& 3.0 
Oxyquinoline 
sulfate 1=4000 5-10 2.8 
Thioneb Naugatuck Chem. Co. 5 lb./acre S-& 206 
Zepharin chloride 1-20,000 5-4 306 





2 Date of application varied according to type of treatment. 
b Each figure is average of readings on 5 plots made on October 27. LSD(P =.05)=1.0, 


growing strawberry plants on July 8 produced no injury. Rain which fell soon after application 
on April 11 together with the high rate of application may not have allowed sufficient escape 
of the material from the soil before planting time on May 7. 

The 3 months following the planting date of May 7 were very dry with air temperatures 
above 90° F on many days. Therefore it is doubtful that the plants were able to produce many 
new roots during this period. Probably the nematodes present in the roots at planting time 
also hindered root formation. Nevertheless, there were differences in the appearance of plants 
in plots at the time of rating. Plants in plots treated with a nematocide-fungicide combination, 
Vapam or the ethylene dibromide-Terrachlor dual application, were significantly better than 
the control plants. Plants treated with nematocides or fungicides alone were intermediate in 
appearance. This closely resembles results of the wheat root rot studies by Mountain and 
Benedict (6). They concluded that of the nematode and the fungus associated with this root rot 
the fungus was the more important pathogen. They also felt that the role of each is merely 
additive and not synergistic. Results of this work on black root rot of strawberries also indi- 
cate that fungi and nematodes play equal roles in the black root-rot complex. Partial control 
was achieved when plants were treated for one pathogen but best control was achieved when 
treated for both pathogens. 

The role that nematodes play in soil-borne diseases may depend upon the type of disease. 
In the wilt diseases the wilt organism has to reach the vascular bundle to be injurious. Thus 
points of entrance or other injury caused by endoparasitic nematodes provide an easier, or 
in some resistant varieties, possibly the only pathway to the vascular system for the wilt or- 
ganism. In root rots such as the winter wheat root rot and the black root rot of strawberry, 
decay of the cortex often occurs first. Either nematodes or fungi can produce injury to the 
cortex, The damage due to each in this type of disease may be independent of the presence of 
the other, so that a treatment must control both nematodes and fungi to give maximum control 
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of the root rot. 
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COMPARISON OF VARIOUS STREPTOMYCIN DUST AND 
SPRAY TREATMENTS FOR WILDFIRE CONTROL 
IN TOBACCO PLANT BEDS , 











H. E, Heggestad, M. O. Neas, and John Grosso! 


Summary 


Spray and dust treatments of the antibiotic streptomycin sulfate were compared for effective- 
ness in wildfire (Pseudomonas tabaci) control in tobacco plant beds. The dust treatments were 
not so effective as the spray treatments in controlling the disease in tests conducted at both 
Greeneville, Tennessee and Beltsville, Maryland. Disease control was about the same when 
sprays of streptomycin containing 200 ppm were applied at the rate of 5 gallons per 100 square 
yards as at the 10 gallons per 100 square yard rate. Results seem to indicate that it is only 
necessary to wet the leaves thoroughly with the streptomycin spray to get good disease control. 
No injury to tobacco was noted from use of the streptomycin sprays or dusts. 








Tests conducted in Tennessee (2) and Pennsylvania (1, 3) in 1954 showed the antibiotic strep- 
tomycin sulfate to be effective in controlling the bacterial leaf spot disease, wildfire, caused 
by Pseudomonas tabaci. In 1955 additional experiments with streptomycin sulfate were con- 
ducted at Greeneville, Tennessee and Beltsville, Maryland. Because of the intense interest of 
workers in industry and agriculture, it seemed justified to present the data collected to date. 
Growers, especially of burley and cigar tobaccos, have also shown much interest in antibiotic 
treatments. Some used the chemical for wildfire control in 1955. 

A list of the treatments that were tested at Greeneville is given in Table 1. The two dust 
formulations containing 1000 and 2000 ppm streptomycin were applied at the rates of 6 and 3 
pounds of dust per 100 square yards plant bed, respectively. In 1954 experiments (2) the dust 
used contained only 300 ppm streptomycin. Six pounds of dust per 100 square yards results in 
a relatively heavy coating to leaves. These two dust treatments provide experimental informa- 
tion on the relative importance of thorough coverage of leaves as contrasted to concentration of 
streptomycin in the dust. 

Both spray treatments tested contained 200 ppm streptomycin and were applied at the rate 
of 5 gallons and 10 gallons per 100 square yards of plant bed. The 10-gallon rate was used for 
all spray treatments in the 1954 experiments (2). When spray treatments were applied directly 
to plants rather than through the cotton covers considerable "run-off" into soil resulted from 
the 10-gallon rate, The 5-gallon rate was sufficient to wet leaves thoroughly, at least until 
plants were nearing transplanting size. It was hoped, therefore, that reduction in cost of treat- 
ment could be accomplished by reducing the amount of spray material used while securing satis- 
factory disease control. 

A total of four applications of spray and dust treatments were made at weekly intervals, 
beginning April 23 when most seedlings had only four leaves. A "fixed copper" spray treatment 
was included, and four plots received no chemical treatment as an additional check on disease 
development, Each plot was 27 square feet in size. Treatments were replicated four times 
and separated in the plant bed by 8-inch boards. When applying treatments extra precautions 
were taken to get all of the spray or dust on designated plots. 

The first inoculation with wildfire bacteria was made May 7, two days after the second ap- 
plication of chemicals. Data on rainfall from April 24 to May 23 are presented at the bottom of 
Table 1. It will be noted that no rain fell from the time of first application of chemicals until 
two days prior to the third application, May 14, Moisture conditions were favorable for disease 
development after the second wildfire inoculation. 

Stand counts were secured April 7 soon after plants were up, and again May 23, at which 
time the disease had destroyed nearly 50 percent of plants in the check plots without treatment 
(Table 1). A disease index was obtained for each treatment by pulling approximately 100 plants 
at random from each plot and recording the number of plants in each of five classes from 0 to 
4, 








1 Respectively, Senior Agronomist, Beltsville, formerly at Greeneville, Tennessee; Agricultural 
Aide, Greeneville; and Pathologist, Beltsville, Field Crops Research Branch, Agricultural Research 
Service, U. S. Department of Agriculture. 
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Table 1. Comparison of streptomycin sulfate sprays and dusts for wildfire control. 








Rate per Reduction inb Wildfire © 
Treatment * application stand due to di sease 
100 sq. yds. wildfire index 
percent index 
1) Streptomycin SO), 6 pounds 9.2 4.9 
1000 p.p.m. = dust 
2) Streptomycin SO), 3 pounds 7.9 45.8 
2000 p.oem. dust 
3) Tri-basic-copper sulfate 0.3 pounds plus 19.9 77.9 
spray 10 gal. water 
) Streptomycin SO), 10 gallons as7 28.9 
200 peD.m. spray 
S) Streptomycin SO), 5 gallons 17.0 30.2 
200 p.pem. spray 
6) No chemical treatment 48.8 92.1 
L.S.D. at S¥¢ 15.4 19.5 
L.S.D. at 1% 21.8 2707 





a Chemical treatments applied April 28, May 5, 14and 21. 
b Based on stand counts before and after disease development: April 7 and May 23, respectively. 
C0 = no disease; 100 = all leaves destroyed, 
Notes: Wildfire inoculation May 7 and 14. 
Rainfall during period of test, April 24 to May 23: 
April 24(.5lin.), 25(. 25 in. ), 26(.03 in.), May 12(.05in.), 
May 13(.79in.), 14(.37in.), 15(.14in.). 


Dust formulations received courtesy American Cyanamide Company, and 
stretpomycin used in spray treatments type NC formulation courtesy Merck 
and Company, Inc, 


Best disease control, or lowest index, was obtained following treatment 4, which was the 
heaviest application of the 200 ppm spray (Figure 1). Reducing the amount of spray material 
from 10 to 5 gallons per 100 square yards resulted in nearly the same degree of wildfire con- 
trol, as shown by indices in Table 1. Considering actual disease index values, both dust treat- 
ments were less effective in controlling wildfire than spray treatments; however, the differences 
between spray and dust treatments were not statistically significant. The heavy application of 
1000 ppm dust gave about the same disease control as a lighter application of the 2000 ppm dust. 
All streptomycin treatments were significantly better in disease control than the copper treat- 
ment number 3, 

The experiment conducted at Beltsville included three antibiotic treatments: Sprays of 
streptomycin sulfate and streptomycin nitrate at a concentration of 200 ppm streptomycin, and 
a dust containing 2000 ppm streptomycin?, The streptomycin sulfate sprays and dust treatments 
in the Beltsville test were the same as treatments 2 and 5 presented in Table 1. Chemical 
treatments were started May 6 when plants were in the 4-leaf stage (square) and three additional 
applications were made May 13, 20, and 27. 

Wildfire inoculations were made May 16, 20, and 23. 

Comparative disease control for spray and dust treatments with streptomycin sulfate are 





2 Streptomycin nitrate used was Pytomycin, furnished courtesy Olin MathiesonCorporation, 
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FIGURE 1. Right: wildfire control at Greeneville with 200 
ppm streptomycin sulfate spray treatments. Left: no treatment, 
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FIGURE 2. Wildfire control in Beltsville test: Left, treat- 
ment 2000 ppm, 3 lbs/100 sq. yds. streptomycin sulfate dust. 
Right, 200 ppm, 5 gal./100 sq. yds. streptomycin sulfate spray. 
Center, no treatment, 
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shown in Figure 2. Some disease developed in all plots, It is believed that there was some 
loss in effectiveness of the first two applications of chemical treatments as the result of water- 
ing and of light rain showers that occurred a few hours after treatments were applied. No data 
were secured to evaluate damage from disease; however, visual inspection of the four repli- 
cated plots in each treatment showed best control with streptomycin sulfate spray, slightly in- 
ferior control with the streptomycin nitrate, and poorest control with the streptomycin sulfate 
dust. With all treatments disease control was better than could be expected with copper treat- 
ments under the same conditions. 


Discussion 


Results of 1955 tests with streptomycin were similar to those secured in the 1954 season, 
Streptomycin gave much better wildfire control than copper treatments. No injury to plants 
was noted from any of the treatments used in these experiments. Dust treatments were not so 
effective as the spray treatments in controlling wildfire. Perhaps a more concentrated dust of 
streptomycin might be used to advantage in further experimental tests because it is realized 
that only 72 percent as much active streptomycin was applied with either dust treatment as with 
the lowest rate of 5-gallon spray treatment. Results of the 1955 test at Greeneville comparing 
200 ppm streptomycin sprays at rates of 10 and 5 gallons per 100 square yards seem to indicate 
that it should only be necessary to apply enough spray to wet leaves thoroughly and in this way 
the cost of treatment might be reduced. Favorable comments were received from growers who 
used streptomycin sulfate sprays in the 1955 season. In some cases no treatments were applied 
until the disease appeared, but growers were able to prevent loss of plants and check further 
disease development by using streptomycin. 
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x 
THE EFFECTS OF CERTAIN HERBICIDES ON PLANT PATHOGENS 





W. E. Chappell and L, I. Miller! 


Summary 


Weed control studies in peanut fields in 1954 indicated that peanut plants in herbicide - 
treated areas were often larger and grew more vigorously than those in untreated areas, Stud- 
ies in the laboratory in the summer of 1954 showed that certain herbicides were effective 
against several parasitic fungi and the sting nematode. Studies of disease intensity in the field 
associated with herbicide treated peanuts in 1955 were measured and recorded. Whether the 
herbicides actually act as fungicides and nematocides under field conditions was not definitely 
established, but evidence is presented that their usage may influence disease development in 
peanuts, 





Introduction 


In 1953 and 1954 peanut plants (Arachis hypogea) in fields sprayed with dinitro-o-sec- 
butylphenol as a pre-emergence treatment for weed control were larger than those in adjacent 
unsprayed areas, Since all areas were free of weeds, the inéreased size of the plants was ap- 
parently due to some factor other than weed control -- possibly a reduction of some parasitic 
organisms in the soil by the chemicals. Therefore, in order to determine the effects of herbi- 
cides on certain plant parasitic organisms and the diseases they cause in the field, studies were 
initiated in the laboratory and field in 1954, 





Laboratory Studies 





In the summer of 1954, Sclerotium rolfsii, Phytophthora parasitica var. nicotianae, Hel- 
minthosporium victoriae, Fusarium oxysporum f, lycopersici, Fusarium oxysporum f. con- 
glutinans were grown on an agar medium to which herbicides had been added at an approximate 
field rate. The surface area of a Petri dish was used as a basis for calculating the dosage. 

The herbicides used, their symbols and rates are listed in Table 1. The herbicides will be 
referred to by their symbols. 

Difco potato dextrose agar was used as a culture medium for all the fungi, except P. 
parasitica var. nicotianae, This organism was grown on Difco oatmeal agar. Five ml. of sol- 
ution of the desired concentration of herbicide was added to 100 mm, petri dishes to which was 
added 20 ml. of agar. A 2 mm, plug of young mycelium was transferred to the surface of the 
resulting medium in triplicate dishes and incubated at 30° C. The diameter in millimeters of 
the fungus colonies was measured and recorded at the end of 6 days. The results are recorded 
in Table 2, 

DN and PCP were the only chemicals that inhibited all pathogens at the usual field rate of 
application. CIPC, CDAA, CDEA and CDEC prevented growth of some, but not all, of the 
organisms. 

Since PCP and DN reduced growth of all organisms included in these studies, these two 
chemicals were tested at further dilutions using the same organisms as above. Four replicates 
were used, The diameters of the colonies in millimeters were recorded after incubation at 
30° C for 6 days (Table 3). When DN and PCP were further diluted certain pathogens failed to 
grow at 0,63 pounds per acre. In general PCP was more effective than DN at the lower concen- 
trations. In experimental plots on peanuts these materials have been applied at twice the normal 
field rate (40 and 18 pounds, respectively) for weed control without adverse effect on the crop, 
indicating that higher rates may be safely used if there are other advantages than for weed con- 
trol. 

The effect of several herbicides on the sting nematode (Belonolaimus gracilis) was studied 
in the laboratory by immersing adult nematodes in various concentrations of the chemicals. 
Three adult nematodes. were immersed in Syracuse watch glasses containing herbicides at con- 
centrations of 0, 10, 100, 1000 and 10, 000 parts per million in water. Survival counts, in trip- 




















1 Plant Physiologist and Associate Plant Pathologist, respectively, Virginia Agricultural Experi- 
ment Station, 



































Vol. 40, No, 1--PLANT DISEASE REPORTER--Jan, 15, 1956 53 


Table 1. Herbicides tested in laboratory studies on certain fungi and the 
sting nematode. 








Herbicide Symbol Rate per acre 
in pounds 

Sodium pentaclorophenate PCP 20 
Dinitro-o-sec-butylphenol DN ~ 
Iseprepyl-N~(3 chlorophenyl) carbamate CIPC 6 
2(2,4,5-trichlorophenexy) propienic acid 2,4,5-TP 2 
2,4-dichlerophenoxy acetic acid 2,4-D 2 
3,4—-dichlerophenoxy acetic acid 3,4-D 2 
Maleic hydrazide MH 30 10 
Nel-naphthyl phthalamic acid Alanap-3 6 
Sodium 2,4-dichlorophenoxyethyl sulphate SES 3 
3-(3,4-dichlorophenyl)-1, l-dimethylurea Karmex DL 1 
a-chloro-N, N-diallylacetamide CDAA 5 
a-chlero-N, N-diethylacetamide CDEA > 
a-chloro-allyl diethyldithiecarbamate CDEC 
2,2-dichlerephenoxypropienic acid Dalapon 20 
3-amine-1,2,4-triazole AT 10 
Sedium 2,4,5-trichlerophenexyethyl sulphate Netrin 3 
2-methyl, 4-chlerophenoxyacetic. acid MCP 2 
2,4-dichlerephenoxyethyl benzeate Sessin 2 





licate dishes, were made after 48 hours immersion at room temperature. The chemicals 
tested are given in Table 1. CIPC, DN, and PCP killed all nematodes at 100 ppm. PCP re- 
duced the nematodes at a concentration as low as 1 ppm in 48 hours. Other chemicals in the 
test killed the adult nematodes at higher concentrations but still others had little or no effect at 
10, 000 ppm (Table 4). These studies indicate that certain herbicides might be used in the field 
for reducing sting nematodes, 


Field Studies 


Since laboratory studies showed that DN and PCP were effective against certain plant par- 
asitic fungi and the sting nematode, field studies were initiated in 1955 to test the efficacy of 
these herbicides as control measures against stem rot (Sclerotium rolfsii), leafspot (Cerco- 
spora arachidicola), and stunt root (Belonalaimus gracilis) diseases of the Jumbo Runner peanut, 

The incidence of stem rot was recorded on four farms where DN had been used as a pre- 
emergence herbicide at nine pounds per acre, The number of dead peanut plants per 300 feet 
of row showing evidence of infection by S. rolfsii was recorded from each of 4 replicates on 














September 1. Untreated plots received five cultivations and treated plots three late cultivations, 
Although little stem rot occurred in Virginia in 1955 the DN treated plots had less stem rot than 
those plots receiving no herbicide treatment (Table 5). The check plots were cultivated five 
times and had more soil moved to the crown and over the ends of the lateral branches than DN 








Table 2. 
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Average diameter in mm. of fungus colonies 6 days after inoculation 
on media containing herbicides. 





P. parasitica 


F. oxysporum 


Herbicide S. rolfsii var, nicotianae H. victoriae i lycopersici f. conglutinans 


F. o 


sporum 





























PCP 2 2 2 2 2 

DN 2 2 2 2 2 

CIPC 2 21 2 39 16 

2,4,5-TP 67 44 16 82 53 

2,4-D TT Fé: 18 56 33 

3,4-D 47 74 15 92 54 

MH 30 48 66 90 90 53 

Alanap 3 Lo 64 ok 78 43 

SES 79 71 47 90 oT 

Karmex DL 15 64 21 76 38 

CDAA 4O 12 2 2 2 

CDEA ki 57 2 81 42 

CDEC 2 64 2 59 29 

Ck 88 70 66 92 a7 
Table 3. Average diameter in mm. of fungus colonies 6 days after inoculation. 

Rates per 
Herbicide acre in S. rolfsii P.parasitica H.victoriae F. oxysporum F._ oxysporum 
pounds var, nicotianae f.lycopersici f.conglutinans 

PCP 10.00 2 2 2 2 2 
: 5.00 6 2 2 2 2 
a 2.50 9 > 2 4 2 
. 1.25 3 2 2 20 2 
7" 0.63 9 2 2 21 rj 
- 0.32 4 13 10 37 20 
DN 4.50 2 2 2 2 2 
‘ 2.25 7 2 2 30 16 
‘a 1.13 4 5 10 20 2h 
¥ 0.57 7 27 1s 37 29 
" 0.28 6 32 19 47 30 
3 0.14 50 36 19 62 35 
Ck. No chemical 91 75 33 90 99 
























































Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan. 15, 1956 55 

t 

Table 4. Average survival of 3 sting nematodes after immersion for 48 hours 

' in various concentrations of herbicides. 

} 

Concentrations in ppm 

Herbicides 0 1 10 100 1000 10,000 
DN 2.0 --3 3.0 0.0 0.0 0.0 
CIPC 2.5 -- 2.5 0.0 0.0 0.0 

) MCP 3.0 -_ ~ 2.0 1.0 0.0 
2,4-D 3.0 -- -- 1.5 0.5 0.0 
2,4,5-TP > -- -- a5 0 0.0 
Karmex DL 2.0 -- -- 0.5 0.0 -- 
3,4-D 2.0 -- -- 1.0 0.0 0.0 
PCP 2.5 i$ 0.5 0.0 0.0 0.0 
Dalapon 1.5 -- -- 1.5 3.0 2.0 
SES 2.0 -- -- 2.0 3.0 2.0 

AT 2.5 3.0 3.0 3.0 -- -- 
Natrin 3.0 3.0 3.0 2.5 _ _— 
Sessin 3.0 3.0 3.0 3.0 -- _ 
Alanap 3 3.0 2.5 3.0 0.0 ~ -— 

) a--=not tested. 


treated plots, which had only three late cultivations. It is believed that the covering of the 
crown and lateral branches with soil to control weeds may be especially important in aiding 

the development of certain diseases, and that chemical weed control may indirectly help control 
these diseases by making the early cultivations unnecessary. 


Table 5. Number of dead peanut plants per 300 feet of row showing evidence 
of infection by Sclerotium rolfsii. 














Farms 
Treatment A B c D Average 
Check 9.3° 0.5 0.5 2.8 302 
DN, S lbs./A. 4.5 0.0 0.3 0.5 1.3 





4Fach value is an average of four readings. 


The amount of Cercospora leafspot was measured on one farm where DN at 12 pounds per 
acre and PCP at 30 pounds per acre were applied broadcast in a water spray immediately after 
planting as pre-emergence treatments. Untreated plots which received normal cultural treat- 
ments (5 cultivations and 2 hand hoeings) served as checks. The treated plots were not culti- 
vated and weeds not controlled by the chemicals were removed by hand. The leafspot counts 
were recorded on August 30 by counting the number of spots on leaflets from 10 central stems 
from each of 4 replicate plots. Fewer leaflets were infected in the plots treated with either DN 
or PCP than in the cultivated untreated plots. (Table 6). There are several possible explana- 
tions for the differences in the amount of infection. Most of the Cercospora inoculum is in the 
soil early in the season, and the herbicides may have reduced the amount of inoculum, Also, 
the practice of covering the branches of peanut plants with soil to control weeds in untreated 




















56 Vol. 40, No. 1--PLANT DISEASE REPORTER--Jan,. 15, 1956 
plots may place the inoculum in a more favorable position to infect the leaves. The covering 


of plants may also retard the development of the plants and thereby increase their susceptibility 
to leafspot. 


Table 6. The effect of DN and PCP on peanut plant vigor and Cercospora leafspot. 








Treatment Growth rating? Average number of spots 
per central stem leaflet 

DN, 12 lbs./A. 5.0 ab 0-49 A 

PCP, 30 lbs./A. 5.0 A 0.56 A 

Cultivated check 3.9 B 0.82 B 





4aFor footnotes see Table 7. 


At another farm where the stunt root disorder was the principle limiting factor in peanut 
production, the effect of pre-emergence DN and PCP treatments on the sting nematode was 
measured. DN was applied at 12 pounds per acre and PCP at 30 pounds per acre, The experi- 
ment was arranged in a split block design with 4 replications, Each herbicide-treated area was 
divided so that half of it was cultivated 5 times and the other half received no cultivation. Sting 
nematode puncture readings on the fruit were made on October 10 by counting the number of 
punctures per square centimeter on ten fruit from each of 4 replicate plots. The results are 
summarized in Table 7. 


Table 7. The relative effect of DN and PCP on peanut plant vigor and fruit 
punctures of the sting nematode. 





Average number of sting punctures/ 











__Growth rating® square cm. on fruit 
Herbicide Normal No ormal No 
cultivation cultivation cultivation cultivation 
DN, 12 lbs./A 3.5 Ab h.OA 13.0 A 22.4 A 
PCP, 30 lbs./A 3.4 A LOA 3.9B 5.7B 





bThere is no significant difference (5% level) between values in acolumn that is 
followed by the same letter. 


Growth ratings made on July 6 showed that the plants were larger in the plots which were 
not cultivated. It is believed that the difference in size of the plants was due primarily to the 
retarding of plant development following each of the first three cultivations. Plant size was not 
affected by either DN or PCP but fruit from plants in the PCP plots had fewer punctures than 
those from the DN treated plots. 


DEPARTMENT OF PLANT PATHOLOGY AND PHYSIOLOGY, VIRGINIA POLYTECHNIC 
INSTITUTE, BLACKSBURG, VIRGINIA 
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x” 
THE SEPARATION OF CURVULARIA TRIFOLII AND C, LUNATA! “ 


- = 





E. S. Luttrell? 


Summa ry 


Curvularia trifolii (Wakker) Boed. and C. lunata (Kauff.) Boed. may be distinguished by 
the form of the conidial hilum. In C. trifolii the hilum is protuberant; in C, lunata it is included 
within the contour of the rounded basal wall. Conidia of C. trifolii tend to be slightly larger 
than those of C, lunata, but this character is variable and is useful only as a supplementary 
taxonomic criterion, C, trifolii has been found only on Trifolium and Gladiolus species. The 
brown spot fungus on gladiolus is a specialized pathogenic form of C. trifolii capable of causing 
severe leaf spot of certain varieties of gladiolus. a 

















Difficulty in assigning collections of Curvularia on grasses and clovers to either C, lunata 
(Wakker) Boed, or C, trifolii (Kauff.) Boed. on the basis of conidial size has led to a search 
for more satisfactory criteria for the separation of these two species, In Kauffman's original 
description of Brachysporium trifolii Kauff, (1) conidial dimensions were given as 21-31 x 9-1ln. 
Boedijn (2) transferred this species to Curvularia without supplementary description. Wakker's 
(6) original description of Acrothecium lunatum Wakker gave dimensions as simply 30 x 10 un. 
In making the new combination Curvularia lunata Boedijn(2), from study of his own material, 
described the conidia as measuring 19-30 x 8-16 » (Av. 23 x 11). There is little indication 
from these original works of any difference in size between conidia of C, trifolii and C. lunata, 
However, Groves and Skolko (3) examined the type collection of C. trifolii and recorded measure - 
ments of 25-35-(38) x 11-15 n» for the type and (20)-25-35-(38) x (10)-12-16-(19) u» for isolates 
from seeds which they referred to this species. In the isolates they placed under C, lunata the 
conidia measured (19, 5)-22-28-(32) x (9)-10-13-(15.5) np. They distinguished C. trifolii and C. 
lunata on the basis of this difference in conidial dimensions, C, lunata having smaller conidia 
rarely more than 14, in diameter, C. trifolii having larger ‘conidia frequently up to 16 p and 
even up to 19 »p in diameter. On this basis C. trifolii has been reported on hosts other than 
clovers (3,5). init 

In a collection of Curyularia on Ladino clover in Georgia on August 28, 1951, conidia taken 
from the host leaves measured 22,.4-32.2 x 8.1-10.6 pw (Av. 26.5 x 9.3 np). Isolates of this 
fungus in culture on 2% malt agar produced conidia measuring 25,2-39.2 x 10.6-16.5 p» (Av. 
33.7 x 13.7). The difference in dimensions of conidia from the host and in culture indicated 
that size is a variable character influenced by the conditions under which the conidia develop. 
Furthermore, measurements of conidia from the clover leaves, although nearly identical with 
those given in the original description of C, trifolii (1), excluded the fungus from this species 
as delimited by Groves and Skolko (3) and afforded no means of distinguishing it from collections 
of C, lunata on various grasses. 


























Morphology 


Conidia were studied from the host when fresh material was available and in culture on 2% 
malt extract agar or 20% V-8 Juice agar. Measurements of 25 conidia were used to calculate 
mean dimensions. 

Conidia in isolates of Curvularia trifolii from clovers (Fig. 1, B) were ellipsoid, pyriform, 
or clavate, inequilateral to strongly curved in the third cell from the base, this cell being swol- 
len and darker colored than the others, fuligenous, brownish fuligenous, or finally dark oliva- 
ceous brown, the terminal cells, particularly the basal cell, paler colored, and 3-septate, 
rarely 2-5-septate. A few lobed or forked conidia were usually produced by most isolates. A 
striking morphological peculiarity was the presence at the base of the conidium of a conspicuous, 
protruding, truncate-conical hilum similar to that characteristic of certain species of Helmintho- 








1 Journal Series Paper No. 296, Georgia Experiment Station, Experiment, Georgia. 
21am indebted toDr. Bessie Kanouse for sending me the type collection of Curvularia trifolii from 





the Herbarium of the University of Michigan andtoDrs. J. C. Bald, B. A. Belcher, E. S. Elliott, 


K. H. Garren, H. W. Johnson, K. W. Kreitlow, andR, O. Magie for furnishing cultures or fresh ma- 
terial of Curvularia spp. 
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Table 1. Dimensions of conidia in collections of Curvularia trifolii and C. lunata, 























Collection Length Width Mean Mean Length 
length width width 
microns microns microns microns 

Curvularia trifolii 

781 Ladino clover Ga. Host 22.4-32.2 8.1-10.6 26.5 9.3 2.8 
781 Ladino clover Ga. Cult. 25.2-39.2 10.6-16.5 33.7 13.7 2.5 
94.5 Ladino clover Ala. Cult. 21.3-41.0 9.1-13.7 31.7 11.1 2.9 
94,6 Ladino clover 4. Va. Cult. 13-395 8.4-12.2 27.7 10.5 2.6 
1028 Ladino clover Lae Cult. 25.8-38.0 921-1522 31.3 11.8 2.7 
1029 Red clover Fla. Cult. 25.841.0 9.1-12.8 33.6 10.9 3.1 
SLL, Gladiolus Fla. Host 22,.8=31.2 10.6-15.2 27-4 12.4 2.2 
1026 Gladiolus Calif. Cult. 2h.3-33-4 10.6-16.7 29.8 13-5 2.2 
Curvularia lunata 

718 Carpet grass Ga. Host 19.6-33.0 7.8-11.2 26.4 9.8 2.7 
718 Carpet grass Ga. Cult. 26.6-42.0 10.9-14.0 31.7 12.8 2.7 
720 Carpet grass Ga. Host 22.4-30.8 9.2-12.0 26.8 10.5 2.8 
Th Carpet grass Ga. Host 23.8-33.6 8.4-11.2 27.0 9.6 2.8 
764, Rye grass Ga. Host 22.4-29.4 8.4-10.9 26.3 9.8 207 
770 Pearl millet Ga. Host 22.4-30.2 10.6-14.3 27.0 12.9 2.1 
829 Pearl millet Miss. Cult. 15.2-35.0 7,.6-12.2 24.3 10.2 2.4 
1004, Sugar cane Fla. Cult. 21.3-28.9 9.1-13.7 2546 10.6 204 





sporium, such as H, rostratum Drechs. and H, turcicum Pass, The protruding hilum was 


hyaline in young conidia but darkened with age. Dimensions of conidia are in Table 1, In the 
only isolate (No. 781) in which conidia produced on the host and in culture were compared, the 


conidia developed in culture were appreciably larger. 


The type collection of Curvularia trifolii was obtained from the Herbarium of the University 
of Michigan. The conidia measured 22.4-33.6 x 8.4-14.0 uy (Av. 26.4 x 10.7 y), length/width 
2.5. The conidia in the type collection, as in all isolates from clovers, ‘were characterized by 


the presence of a prominent, protruding hilum (Fig. 1, A). 





Although this character was not 


mentioned in the original description (1), there is a faint suggestion of a protruding hilum in 
the accompanying illustrations. 


clearly. 


However, the figures are on too small a scale to show this 


Conidia in collections and isolates of Curvularia lunata from various grasses were similar 


to those of C. trifolii except for the lack of a protruding hilum. 





The inconspicuous, circular 


hilum was included within the contour of the conidial wall (Fig. 1, D). Dimensions of repre- 
sentative isolates are in Table 1. In the one collection (No. 718) in which a comparison of co- 
nidia produced onthe host and in culture is given, the conidia produced in culture were larger. 
This was generally true of other isolates, but in those which had been kept in culture for a con- 
siderable period a reduction in sporulation was accompanied by a decrease in size of the conidia 
produced, Since the type collection of C. lunata was not preserved, it is necessary to depend 





on Wakker's (6) original description of this species, which was based on material collected on 
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Sugar cane in Java. This description is inadequate, It does not mention the hilum and, un- 
fortunately, was not accompanied by illustrations. However, conidia in an isolate (No, 1004) 
from sugar cane from Florida were similar to those in collections on other grasses referred 
to C, lunata. 

~ Although the Curvularia causing brown spot of gladiolus has generally been referred to C. 
lunata (7), Mendiola-Ela's description of Philippine material of this fungus stated that the conid- 
ial hilum was protruding, and a protruding hilum like that found in the clover isolates was 
clearly shown in the figures. To check this point further a fresh collection on gladiolus from 
Florida and an isolate from gladiolus in California were obtained. Both produced conidia show- 
ing the protruding hilum characteristic of C. trifolii (Fig. 1, C). Dimensions of conidia are in 
Table 1. 


Pathogenicity 


Limited inoculations were made on carpet grass, lemon grass, grain sorghum, Ladino 
clover, red clover, and gladiolus by spraying potted plants of each host with spore suspensions 
of 4 to 16 isolates and placing the plants in an inoculation chamber at a temperature of 25-289 C 
for 48 hours. None of the 5 isolates from grasses tested produced any indication of infection on 
any host. The isolate from sugar cane was inoculated on two varieties of sugar cane (D 109 and 
Balghat Thin) and again failed to cause infection. Two of the 8 isolates of C. trifolii from 
clovers tested produced slight infection of Ladino clover and moderate infection of red clover 
in one test. The other isolates produced no infection on any host. The isolates from gladiolus 
caused severe leaf spot on Picardy gladiolus plants when immature leaves were inoculated, but 
failed to infect any other host. 


Discussion 


Although conidia of Curvularia trifolii tend to be larger than those of C, lunata, the slight 
difference in size can not be depended upon to separate these two species consistently. Conidial 
size is not constant. The difference in size of conidia produced by a single isolate under dif- 
ferent conditions may be as great as that between isolates of the two species, The presence or 
absence of a protruding hilum appears to be a constant, qualitative diagnostic character. From 
these preliminary observations it seems that C, trifolii should be limited to forms with a pro- 
truding hilum like that found in the type of this species. Such a hilum has been reported pre- 
viously (2) in only one species of Curvularia, C. andropogonis (Zimm.) Boed. This species, 
although similar in other respects, is distinguished from C, trifolii by its much larger conidia 
which, according to Boedijn (2), measure 38-66 x 13-23 u (Av. 51 x 16 p). 

There is no evidence that Curvularia trifolii as thus delimited occurs on any host other than 
clovers and gladiolus. The fungus on gladiolus apparently represents a specialized pathogenic 
form of C, trifolii. Although conidia of isolates from grasses vary in size, all have an included 
hilum, as indicated also by Sprague (5, p. 329, fig. 72), and should be referred to C. lunata, 
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OCCURRENCE OF ANGULAR LEAF SPOT 
OF CUCUMBERS IN CALIFORNIA » 








Peter A. Ark! and M. W. Gardner” 


Within the last few years, angular leaf spot of cucumber, caused by Pseudomonas lachry- 
mans, was noted in two coastal counties in California. Several growers have experienced con- 
siderable loss from the disease occurring mostly on the variety National Canner which is grown 
both for market and for the canneries. 

Because of rainless’summers, the disease is not prevalent in California. However, when 
irrigation practices are employed in the coastal areas where cucumbers are grown for both 
market and cannery, conditions appear to be conducive to the d.sease, Angular leaf spot oc- 
curred in epidemic form in fields in Alameda County planted with California-grown seed and 


irrigated by overhead sprinkler or by row irrigation where the rows were occasionally flooded 
(Fig. 1). 











FIGURE 1. Cucumber leaf showing 
scattered angular leaf spots caused by 
Pseudomonas lachrymans, Field was row 
irrigated frequently and water often overran 
tops of ridges between furrows. 





In one field the pattern of the distribution of the disease presented a unique picture. The 
infection was most severe in the particular rows gone over regularly by the pickers in the early 
morning hours. It seems probable that the dissemination of the disease was accomplished by 
the pickers (Fig. 2) handling the vines which were wet on account of early morning dew, The 
foliage infection in these particular rows was.so severe that the badly blighted rows could be 
recognized easily from the highway along one side of the field. The rows picked in the after- 








1, 2 Professor of Plant Pathology. 
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FIGURE 2. Portion of two cucumber leaves 
showing coalescing lesions along main veins, caused 
by Pseudomonas lachrymans, perhaps as a result of 





hand-borne infection, Worst infection on rows picked 
early in the morning while still wet with dew, 


noon after the vines were dry had much less disease, It is also of interest to note that the 
rows regularly picked after the mid-morning meal when the workers had washed their hands, 
and during the hot, dry period of the day, showed little or no infection. 

In a field containing commercial variety trials under overhead sprirkling, the disease 
occurred in epidemic form, 


DEPARTMENT OF PLANT PATHOLOGY, UNIVERSITY OF CALIFORNIA, BERKELEY, 
CALIFORNIA 
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X 
ARTIFICIAL FIELD INOCULATION OF CUCUMBER WITH 
COLLETOTRICHUM LAGENARIUM AS AN AID 


IN THE EVALUATION OF CONTROL BY FUNGICIDES! 
¥ 











D. F. CrossanandP, J. Lloyd? 


Previous attempts at evaluation of fungicides for the control of cucumber anthracnose 
(Colletotrichum lagenarium) have been complicated by the sporadic, non-uniform spread of 
the organism in field plots. A successful field inoculation would result in more uniform infec - 
tion over the entire plot, and thus provide more suitable conditions for the evaluation of fungi- 
cides for control. In June, 1955, a test was initiated to determine if cucumber plants could be 
successfully infected in the field by spraying the vines with a spore and mycelial suspension of 


Cc. lagenarium, 





Experimentation and Results 





The test plot was a replicated, randomized block design wherein the treatment rows were 
30 feet long; buffer rows were left adjacent to each treatment row. Two fungicidal materials, 
maneb® (Dithane M -22) and zineb® (Dithane Z-78), were used at 1 1/2 and 2 pounds of the trade- 
named material per 100 gallons of water, respectively. The fungicides were applied on July 
19, 28, August 4, 11, 15, 24, 30, and September 7, at 250 pounds pressure with a 4-nozzle 
vegetable spray boom. The boom was designed to direct spray at both the upper and lower leaf 
surfaces of the plants. 

The organism, C. lagenarium, was grown on potato-sucrose-dextrose agar in 90 mm petri 
plates incubated at 2409 C, After 2 weeks' growth, the plates were covered with pink spore 
masses of the fungus. The contents of 60 petri plates were ground in a Waring Blendor with tap 
water and the suspension diluted with water to 25 gallons. The resulting spore and mycelial 
suspension was sprayed on the buffer rows at 250 pounds pressure in the late evening of August 
5 (one day after the date of the third spray application), At this time, the plants were beginning 
to produce marketable fruit. On August 8, 3 days after the inoculation, 1/2 inch of rain oc- 
curred, Between August 11 and 15, 8.18 inches of rain fell. First symptoms of anthracnose 
were visible on August 12. As noted, the plots received fungicidal applications on August 11 
and 15, just prior to and immediately after the rains, 

By August 15, anthracnose was uniformly severe on all buffer rows and spread had oc- 
curred to the unsprayed check rows. On August 19, the unsprayed check rows had an average 
disease index of 4 (where 0 = no disease; 10 = 100 percent of foliage severely infected with an- 
thracnose), whereas only a trace of infection could be found on both the maneb- and zineb-treated 
rows. Heavy rains again occurred on August 18-19 (3.08 inches), providing very favorable 
conditions for additional spread of C, lagenarium. On September 1, all of the inoculated buffer 
rows, as well as the untreated check rows, were essentially defoliated by anthracnose, The 
plots were again scored at this time. The results are presented in Table 1, In a season less 
favorable for development and spread, it is possible that overhead irrigation of the plots would 
also result in severe, uniform disease development, 

It is evident that both fungicides afforded excellent protection against leaf infection by C. 
lagenarium., ~ 

Yield data were obtained for the period August 17 to September 12. The results are pre- 
sented in Table 2. Both Dithane M-22 and Dithane Z-78 gave significant increases in the num- 
ber and weight of marketable cucumbers over that of the untreated checks. 





1 Published as Miscellaneous Paper No, 234 with the approval of the Director of the Delaware Agri- 
cultural Experiment Station, Contribution No. 72 of the Dept. of Plant Pathology. 


2 Assistant Research Professor and Graduate ResearchAssistant respectively, Dept. of Plant 
Pathology, Delaware Agricultural Experiment Station, University of Delaware, 

3 Maneb(manganous ethylene bis [dithiocarbamate] ), and zineb (zinc ethylene bis [dithiocarba- 
mate] ). Supplied by Rohm & Haas Co., Philadelphia, Pa. ; 
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Table 1. Anthracnose disease index (0-10)# 


























Treatment : Replication : 
2. 2s a fe G 4 : 5 : 6 : Average 

Check 10 10 9 10 10 9 oT 
Dithane Z-78 2 3 2 2 2 2 2.2 
Dithane M-22 3 2 2 2 2 2 2.2 
4 (0=no disease; 10= 100% of foliage severely infected). 

Table 2. Effect of fungicides on yield of fruit. 

Treatment : Concentration =: Fruit® 
(Ibs. -gals. ) : No. : Wt. (lbs. ) 

Check --- 27.7 22.5 

Dithane Z-78 2-100 75.2 48.5 

Dithane M-22 11/2-100 64.8 42.8 

L.S.D. (.05) 13.9 8.4 





a Figures represent the treatment means of six replications. 


Conclusions 


Artificial infection of cucumber plants in the field was successful under the conditions of 
this experiment, 

Despite the severe conditions of this test, both maneb and zineb afforded excellent control 
of leaf infection and gave significant increases in yield of marketable cucumbers over untreated 
rows. 

No phytotoxic effects by either material were observed. 


DELAWARE AGRICULTURAL EXPERIMENT STATION 
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A COTTON STEM INTUMESCENCES AS A RESULT OF FLOODING! w 





Wayne J. Mclirath 


Summary 


Cotton stem intumescences produced as a consequence of flooding did not appear to be the 
result of excess water in the plant during periods of low assimilation or high root pressure 
during intervals of low transpiration. These outgrowths did not appear to be the direct effect 
of water per se but rather resulted from abnormal stem metabolism induced by the surrounding 
water. Plants maintained in high atmospheric humidity did not exhibit these outgrowths. The 
production of intumescences was limited to relatively young stem tissue. In response to flood- 


ing a difference in the degree of intumescence formation was observed among several cotton 
varieties, 





Several years ago, while at the Texas Agricultural Experiment Station, the author observed 
field-grown seedling cotton plants which had been subjected to flooding and exhibited stem in- 
tumescences. Although intumescences resulting from abnormal water relations have been re- 
ported for numerous plant species, the only report that could be found of their occurrence in 
cotton was one by Chester (2). He merely stated, "Intumescences and edema, as in tomatoes, 
cotton, and sunflowers, are blisters formed by cells that have burst from sudden water excess 
after dry periods." Since it was not certain that flooding had caused the above mentioned out- 
growths, the present investigation was initiated to examine the problem more fully. 


Experimentation and Results 





Stoneville 2B cotton seedlings, grown in glazed earthenware pots of soil, were utilized 
throughout this study. In the initial experiment 18-day-old seedlings were flooded with about 
3 inches of tap water, but otherwise maintained under natural environmental conditions, In- 
tumescences began to appear on the stem below the water within 6 days, indicating that flooding 
could result in the production of these outgrowths. The stems exhibited extensive rupturing of 
the bark after 2 weeks (Fig. 1). 

In that intumescences in other plant species had been variously reported to be the result of 
excess, water in the plant (1, 10) or high humidity (4, 8, 11) during periods of low (1, 6,7, 10) or 
high (3, 12, 13) light intensities, experiments were designed to check the interrelationship of 
excess root moisture, humidity, and light intensity as they affected these outgrowths, In an 
experiment in which the influence of light intensity and atmospheric humidity on intumescence 
production under conditions of flooding were studied, it was observed that reduced light or in- 
creased relative humidity had little effect on the response, It was found that plants maintained 
in high relative humidity but with normal soil moisture and in either high or low light intensities 
did not exhibit intumescences, In another experiment in which plants were grown for over 3 
months with normal soil moisture but in an atmosphere maintained at 100 percent relative hu- 
midity it was likewise observed that this disorder did not appear in any of the plant organs, Thus 
in the case of cotton it appeared that intumescences were not the result of excess water during 
periods of low assimilation (10) or high root pressure during intervals of low transpiration (1). 
Neither were they caused by high atmospheric humidity (4, 8,11). 

Appearance of stem intumescences only below the water seemed indicative that the response 
was an effect of water surrounding the stem. To determine if this was true or whether the 
response was the result of the combined flooding of the root system as well as the stem, an 
experiment was set up in which only the stems were flooded. In this instance sections of glass 
tubing were placed around the stems and sealed at the bottom with a beeswax-paraffin mixture. 
The tubes were filled with distilled water and the root systems maintained on normal soil mois- 
ture. Under such conditions signs of intumescences were evident in less than a week. After 
about a month the intumescences became very prominent (Fig. 2). The development of out- 
growths in distilled water eliminated the possibility that solute in the flood water was the causa- 
tive agent. 





1 This work supported in part by the Texas Agricultural Experiment Station anda grant from the 
Dr. Wallace C, andClara A, Abbott Memorial Fund of the University of Chicago. 
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FIGURE 1. Left -- normal 
stem of cotton seedling. 





Right -- two stems showing FIGURE 2. Cotton stem intumescences after 
intumescences as a result of 27 days of stem flooding. Soil moisture content 
flooding. maintained at normal level. 


Since it was still unknown whether these outgrowths were a direct effect of the water or 
merely an indirect effect on stem metabolism, an experiment was performed in which the stems 
of plants grown under high and low light intensities were coated with lanolin. With such treat- 
ment intumescences also developed, although they did not appear so rapidly and were not so 
large as when the stems were subjected to flooding. Light intensity had no influence on the 
response. It would seem, therefore, that the outgrowths were not a direct effect of the water 
per se but rather the result of abnormal metabolism of the stem, It is possible this abnormal 
metabolism was caused by the restricted diffusion of gases into and out of the stem (5, 9). 

In an experiment in which the influence of age of the stem tissue on this response was 
studied, it was found that only young tissue could be affected. When 54-day-old cotton plants, 
for example, were flooded it was observed that intumescences were limited to the relatively 
new growth, 

An experiment designed to determine differences among cotton varieties in response to 
flooding indicated that certain varieties produced intumescences more readily than others (Ta- 
ble 1). After being flooded for 15 days, all varieties with a rating of 9 or higher in Table 1 
exhibited only a slight to moderate pimpling of the stem while those with a lower rating ex- 
hibited varying degrees of bark rupture. 

If after the appearance of intumescences the flooded condition was alleviated, there ap- 
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Table 1, Cotton varieties arranged according to degree of stem intumescence as 
a result of flooding. Highest number indicates least response, 





- Northern Star 


1 5. Rowden 41B 9. Empire Wilt 
2. Roldo Rowden 5. Miller 610 9, Coker 100 
3. Watson Mebane 7. Lockett Mebane 9. Acala TPSA 
4. Stoneville 2B 8. Paula 12. Deltapine 
12. Acala 4-42 





peared to be no serious consequence upon future growth of the plants. Flooding, however, 
resulted in a general reduction in plant vigor and thus in itself had a direct effect upon plant 
growth. Seedling plants grown under flooded conditions for 2 weeks, for example, were shorter 
and had fewer leaves than those grown under natural conditions. 
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* A NOTE ON THE OCCURRENCE OF 
CITRUS SCAB IN THE PHILIPPINE ISLANDS ~ 


~ 








Alice J. Watson and Anna E, Jenkins 


Fawcett (2, 3) in both editions of his Citrus Diseases and Their Control" states that Citrus 
scab (sour orange scab, Elsinoé fawcetti Bitanc, & Jenkins) has not been observed in the Phil- 
ippine Islands. As pointed out by Fawcett (3), a report of occurrence by Wester was errone- 
ous, since canker was mistaken for scab. A doubtful record has existed, based on an inter- 
ception on Citrus sinensis at Seattle, Washington in 1929 (4) by an inspector of the then Bureau 
of Entomology and Plant Quarantine, It was apparently due to this probably erroneous report 
that the Commonwealth Mycological Institute (1) included the Philippines in the list of countries 
from which the disease was known, 

During recent years, however, a number of interceptions have been made by Plant Quaran- 
tine Inspectors at Honolulu, Hawaii, and San Francisco and San Pedro, California, of citrus 
material very definitely showing citrus scab, Table 1 provides the details. 











Table 1. Interceptions of Elsinoe fawcetti on Citrus species from the Philippine Islands. 














Border port : Interception : Accession : Date : Inspector 
number : number : 
Citrus aurantifolia 
Honolulu 14200 91265 March 6, 1955 L. M. Chilson 
8499 91210 February 19, 1950 E. C. Prather 
8386 91191 November 20, 1949 J. D. Gomez 
3921 91212 December 2, 1948 E. B. Fryer 


Citrus reticulata 
San Pedro 5257 90441 March 6, 1947 C. Sierra 





Citrus mitis? 
San Francisco 22278 90341 November 16, 1946 L. Lefevbre 











“United States National Fungus Collection Accession Number. 
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¥ 
DISEASES OF THE FOREST NURSERIES OF GEORGIA ~ 


A, Be Foster! 


The rapid expansion of the pulp and paper industry in the Southeast has placed new empha- 
sis on the production of pine seedlings. The Georgia Forestry Commission produces and dis- 
tributes 115 million seedlings annually. Control of diseases is an important factor in keeping 
the cost of production near the $3.00 per thousand selling price. 

Black root rot, of the type described by Maki and Henry (4) in 1951, causes considerable 
loss each year. They suspected nematodes as causal agents and controlled them by soil fumi- 
gation with ethylene dibromide (3), Trees responding so to fumigation usually grow even bet- 
ter when methyl bromide is used. Control of fungus intensifier of the rot may explain this 
added benefit. 

Fumigation with methyl bromide in badly infested land at the Herty Nursery in Albany, 
Georgia, increased the number of plantable seedlings from 50 thousand to one million per acre, 
In many areas where root rot symptoms were indefinite, an increase in number of fibrous roots 
was associated with fumigation. In 1955, 22 acres of a Georgia nursery were fumigated with 
methyl bromide. Two other Georgia nurseries used experimental quantities. 

The use of methyl bromide is often justified by its auxiliary benefits in areas where nut 
grass (Cyperus rotundus) is abundant, Savings in hand weeding costs will partially offset the 
cost of 45 cents per thousand seedlings for fumigant. Methyl bromide also causes a growth 
stimulus associated with better nitrogen nutrition through destruction of microorganisms com- 
petitive with the crop. Nurserymen's fears that fumigation would eliminate beneficial mycor- 
rhizal fungi from the soil have not been substantiated. 

Fusiform rust caused by Cronartium fusiforme is often an important nursery disease, but 
can be virtually eliminated by a careful spray program. Siggers (5) found ferbam and ziram to 
be effective controls, An 18-hour period of saturated atmosphere with temperatures between 
60° and 79° is necessary for the effective development and dissemination of sporidia and infec - 








tion of the pine seedlings. In some years and in some areas, climatic conditions are unfavor- 
able for infection. Therefore, nurserymen who spray carelessly may escape trouble from 
seedling infection in certain years, Common reasons for failure in control are inadequate 
amounts of spray, absence of a spreader-sticker, low nozzle pressure, spotty coverage, and 
improper timing. 

As shown by the literature on forest nursery diseases, damping-off is often an important 
problem. This has been virtually absent in Georgia nurseries in recent years, except in one 
poorly-drained area, The practice of using sawdust and pine straw as soil amendments and 
seed cover keeps the pH of nursery soils between 4.5 and 5.5, and the nitrogen level low, 
Hartley and Pierce (2) have pointed out that both of these conditions reduce the danger from 
damping-off. 

Erroneous reports of the presence of damping-off are frequent because it is often confused 
with heat injury (1). When seedlings less than a month old have grown through a thick mulch 
of pine straw or been exposed to excessive water or deficient light, they are susceptible to heat 
injury. A white-to-tan colored lesion appears above the soil line on the south side of the seed- 
ling. Fresh heat injury can usually be distinguished from damping-off by its lighter color, dry 
texture, and presence of healthy tissue between it and the soil. Seedlings grown with adequate 
light under a thin mulch and at low nitrogen level seldom develop heat symptoms unless they 
have been overwatered. The spindly seedlings grown under conditions of excess water or nitro- 
gen or deficient light are injured more easily by heat, 

A second type of injury sometimes attributed to heat is chlorosis along tne edges of the 
beds. The most common type of nursery chlorosis, a genera] pale green condition indicative 
of nitrogen deficiency, can easily be corrected by applying Z0 to 40 pounds of nitrogen per acre, 
A second type of chlorosis appears as irregular cream colored patches several fee* in diameter, 
This has been corrected by adding iron chelates at the rate of 3 pounds of elemental iron per 
acre. After chlorosis caused by iron or nitrogen deficiencies is corrected, there may still be 
a residual chlorosis which resembles iron deficiency superficially. It differs in that yellowing 
is restricted to strips along the edges of the beds or to sandy spots in the field, and by its 
sudden appearance in August and its disappearance without treatment in October. Some workers 
attribute the trouble to bleaching of chlorophyll by excessively high temperatures which some- 





1 Southeastern Forest Experiment Station, U. S. Department of Agriculture, Forest Service. 
Dr. Foster's work is supported largely by the Georgia Forestry Commission. 
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times reach 160° F near the surface of the soil. Experimental evidence as to the cause is 
lacking. 

In addition to diseases present in the nurseries, there are other diseases which affect 
nursery production by limiting the seed crop. Cone rust, caused by Cronartium strobilinum, 
has eliminated more than 60 percent of the slash pine cone crop in some areas in some years. 
There is no practical way of eliminating this loss under ordinary forest conditions, The move- 
ment toward establishing seed orchards and seed production areas is extending rapidly as work 
in pine genetics expands. In such intensive seed areas, the value of the crop may make a spray 
program practica} if cone rust becomes severe, 

The germination percentage of bulk seed lots averages about 60 percent. Small quantities 
extracted by hand usually germinate above 90 percent. There may be several reasons for the 
difference, Volatile products from fresh pine cones placed in closed containers can kill seeds. 
In recent tests, dewinging machines in common use caused 15 percent loss of germination by 
jarring the embryos. This type of injury can be duplicated by dropping the seed from specified 
heights. Storage of seed at moisture contents above 10 percent or temperatures above 40° F 
adds to seed damage. Diplodia sp. and other fungi found associated with pine seeds may be 
causing some loss. Studies on this aspect of seed deterioration are in their infancy. 

Slash and loblolly pine comprise the bulk of the seedling crop grown in forest nurseries of 
the Southeast, Increased interest in Arizona cypress for Christmas trees has added Phomopsis 
blight, caused by Phomopsis juniperovora, to the list of economic pathogens. Both seed and 
soil are suspected sources of inoculum, Since a considerable number of individuals escape at- 
tack in the nursery, a program of selection for resistant strains may be feasible. Improvement 
of the spray program against this disease is also inorder. Up to the present, Special Semesan 
applied weekly at the rate of 1 pound per 100 gallons during hot, wet weather has given fair con- 
trol. 

When plant disease is defined broadly enough to include physiological disorders, the needs 
for research on forest nursery diseases increase greatly. Horticultural aspects such as water 
management, crop rotation, fertilization, maintenance of organic matter, tillage methods, and 
hardening preparatory to transplanting interact with the pathogens to produce a complex field 
which is receiving increasing attention, 
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FUNGUS ASSOCIATION WITH BIRCH "DIEBACK" 
AND ITS SIGNIFICANCE 4 








Glenn G, Hahn and Harold G, Eno! 
Summary 


As an integral part of the investigations of excessive mortality in stands of Betula lutea 
and B. papyrifera in the Northeast, an investigation was made of crown and root fungi isolated 
from deteriorated birch in Maine and New Hampshire, A survey of the former demonstrated 
a roster of fungi very similar to that reported in Canadian dieback studies. 

Organisms tested for pathogenicity proved to be saprophytic, or at most very weakly patho- 
genic. Only one root fungus, tentatively identified as Cylindrocarpon orthosporum, was iso- 
lated so commonly that it was regarded as a possible pathogenic suspect. Deterioration of 
healthy, potted birch saplings did not result from inoculation of the soil with the fungus. A spe- 
cial search for the soil and root pathogen, Phytophthora cinnamomi, in birch soils in Maine did 
not disclose the fungus. 

Rhizomorphs of Armillaria mellea were not observed, nor were they isolated from root 
tissues, At least on the dieback sites studied, the shoe-string fungus probably has no causal 
relationship to dieback, The mycorrhizal fungus, Mucor ramannianus, was isolated commonly 
from birch roots of both healthy and intermediate crown-injury class trees, Likewise, the 
mycorrhizal organism, Mycelium radicis nigrostrigosum, was found frequently. 

The relationship between dieback and mycorrhizal fungi has not been determined. The pos- 
sibility that birch dieback is an infectious fungus disease is not supported by any positive evi- 
dence, 























INTRODUCTION 


Within the past two decades, extensive deterioration and mortality have occurred in north- 
eastern North America in stands of yellow birch (Betula lutea Michx.) and paper birch (B. 
papyrifera Marsh.), two of the most important components of the northern hardwood forests. 
Entomological investigations had indicated that insects probably were not responsible for the 
original and primary decline of birch vigor (1); so in 1944 studies were started in Nova Scotia 
to determine the identity and pathogenic significance of the fungi isolated from the twigs, 
branches, and roots of birch trees in the various crown-injury classes recognized by the in- 
vestigators (8). None of the fungi obtained were considered to be primarily responsible for 
birch decline, which on cut-over lands has been called "decadence" (15) and in undisturbed 
stands has been called "dieback" (8,9), Accordingly, Canadian research was directed toward 
the physiological (5) and ecological aspects of the dieback problem, including particularly its 
relationships to climate (10, 14). 

In this country the investigation of disease in deteriorated birch trees in New England -- 
apart from entomological considerations (6) --has been confined to a study of fungi and viruses 
associated with the disease (7). Investigations of fungi were made in 1945-1946 and in 1949, . 
their joint objectives being to obtain field and pathological data concerning organisms colonizing 
the dead and living parts of dieback birch. These separate studies did not demonstrate a birch 
parasite. 

In 1948 the writers undertook a similar fungus investigation in Maine and New Hampshire. 
Despite accumulating evidence that a parasitic fungus of pathogenic importance was not primarily 
concerned in the disease, there remained the possibility that some hitherto undiscovered organ- 
ism might still be found as a causal agent. 


FUNGI ASSOCIATED WITH CROWN INJURY 


Attention was first paid to the fungi fruiting on or isolated from the dead.and living parts 
of twigs and branches of dieback-birch crowns, Particular concern was given to the isolation 





1 Pathologist and biology aide respectively, Northeastern Forest Experiment Station, Forest Ser- 
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of organisms at the juncture of living and dead tissue. In instances where the identity of fungi 
was unknown, their exact determination was postponed until such a time when their possible 
pathogenicity had been established. Collections for study in 1948 were made from yellow birch 
and paper birch on the Gale River Experimental Forest, New Hampshire; on yellow birch along 
the Mayfield Road, near Moscow, Maine; and on mature paper birch at Bingham, Maine. 

The roster of organisms encountered agrees fairly well with the list of birch crown-in- 
habiting organisms reported by Canadian workers (8, 11,12). Fungi belonging to species of 
Phomopsis, Fusarium, Melanconium, Alternaria, Pullularia, Coniothyrium,, Tubercularia, 
Gelatinosporium, and Libertella were recognized. The following commonly occurring fungi 
were selected for pathological experimentation: 








Phomopsis sp., very probably the imperfect stage of Diaporthe eres Nits. This fungus 
was frequently isolated from living and dead material of the following: cankers on branches 
and sapling trunks, branch and twig dieback, recently blighted adventitious water shoots, leaf 
petioles, and small roundish lesions of necrotic cortical tissue on the main axis of saplings. 
As in Canada (11,12), the Phomopsis was collected more frequently on yellow birch, A con- 
siderable number of pure isolates obtained from both yellow and paper birch, including those 
from Nova Scotian yellow birch, did not exhibit cultural strain differences. The Diaporthe 
stage was not found on birch during tke survey. 

Melanconium betulinum Sch, et Kze., the imperfect stage of Melanconis stilbostoma (Fr.) 
Tul. This fungus is generally regarded as one of the commonest organisms on dead birch 
branches, Although little importance was attached to it from a pathological standpoint, it was 
nevertheless included in the tests because it had been isolated frequently from tissue occurring 
between dead and living parts of branches of paper birch. 

Gelatinosporium fulvum Pk. This fungus is in the same category as the Melanconium and 
was found commonly on branches that had died recently. 

Fusarium spp. Three species were isolated and distinguished by the following cultural 
characters on malt-extract agar: No. 1, producing watermelon-pink aerial hyphae; No. 2, 
producing an apricot-yellow aerial growth tinged with rose; and No. 3, producing dense white 
aerial hyphae. 

Melanconis nigrospora (Pk.) Wehm, This yellow birch fungus that is very common in 
Nova Scotia (11) was added to the list through the courtesy of Dr. A. J. Skolko, who provided 
the writers with fresh collections. During its isolation in pure culture, they discovered it 
intermixed with the Phomopsis sp. While the latter is omnipresent both sides of the border, 
the writers did not come upon the former in their survey. 

In addition, an unidentified nonsporulating fungus, which produced a wine-red color ac- 
companied by reddish crystals in culture, was isolated from small necrotic lesions on living 
tissue and hence was suspect of pathogenicity. Its frequent occurrence on the bark of yellow 
birch saplings indicated that it should be included in the tests, 

















The foregoing isolates were purified for inoculation purposes by monosporing. When 
spores were not available at the time for this purpose, the non-fruiting cultures were refined 


by culturing from single hyphal tips excised from the advancing growth of colonies grown on 
malt-extract agar in Petri plates, 


Inoculations 


The first pathogenic test of these birch fungi was made in June 1949 in an established 
plantation of vigorous paper birch and yellow birch saplings, 8 to 10 feet in height, that pre- 
viously had been transplanted from the Gale River Experimental Forest to a nursery at New 
Haven, Connecticut. For inoculation, small bits of pure cultures of each fungus were inserted 
into incisions on the main axis; this was done by cutting with a sterilized scalpel a tongue-like 
section of the cortex, and placing the inoculum under it. Fresh cultures were used in a spor- 
ulating condition whenever possible. The inoculation site was then firmly secured by a wrap- 
ping of moist cotton over which there was a second wrapping of heavy waxed paper tied above 
and below the incision, Stem diameter at the inoculation site varied from 3 to 8 mm. Tissues 
1 to 3 years old (generally 2 years old) were tested. Controls were identical with the inocula- 
tions except that bits of sterile malt-extract agar were inserted. One control was placed on 
each sapling below the inoculated incision. The coverings were removed within a month after 
inoculation. 

A total of 92 inoculations (Table 1) were made on 48 yellow birch trees, and 88 inoculations 
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Table 1. Results of inoculating yellow birch and paper birch in a nursery, 
- Isolate Species 
Tnoculum souroe inoculated Trees Inoculations Infections 
NO. No. No. 
Phomopsis sp. Nova Scotia B. lutea 6 ly f°) 
yellow birch 5. papyrifera 6 12 (e) 
Phomopsis sp. New Hampshire B. lutea 6 12 0 
yellow birch 85, papyrifera 6 l2 0 
Phomopsis sp. Maine 
paper birch B. papyrifera 3 6 0 
Melanconis Nova Scotia B. lutea 6 12 0 
nigrospora yellow birch 5. papyrifera 6 11 0 
Melanconium Maine B. lutea 3 6 0 
e paper birch B. papyrifera 3 6 0 
Gelatinosporum New Hampshire B. lutea 3 6 0 
‘Yulvum yellow birch 5. papyrifera 3 6 0 
Fusarium sp., New Hampshire B. lutea 3 6 0 
Ro. 1 yellow birch 5. papyrifera 3 6 0 
Fusarium sp., New Hampshire B. lutea 3 6 0 
° yellow birch 5. papyrifera 3 6 0 
Fusarium sp., New Hampshire B. lutea 3 6 0 
No. 3 paper birch B. papyrifera 3 5 0 
Unidentified New Hampshire B, lutea 15 2h 0 
wine-red yellow birch 8, papyrifera 9 18 0 
fungus ee 





on 45 white birch, 








Isolates of the Phomopsis sp., the Canadian Melanconis nigrospora, and 


the unidentified fungus, wine-red in culture, received most testing. The Phomopsis belonged 


to a genus many of whose species are pathogenic; the Melanconis was considered in Nova Scotia 


to be of primary importance in the deterioration of yellow birch (11) and had not been reported 


tested in Canada on birch seedlings (8); the unidentified wine-red fungus could be isolated 


readily (in some instances along with the Phomopsis) from numerous small cortical lesions on 


living trunks, 


Results of the late spring inoculations were negative. 
with the controls, showed normal healing. 


The inoculated incisions, together 
Where Phomopsis was used, however, the weak- 


ened tongue-like sections were killed. No attempts were made to reisolate Phomopsis from 
them. If the organism was present in the dead tissue, it was unable to advance into uninjured 
tissues, 


The second testing of the 8 isolates recorded in Table 1 (and reported in the same sequence 
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Table 2. Results of inoculating yellow birch and paper birch in natural stands. 















































Inoculum Species Initial Infections 
inoculated Trees Inoculations infections healed 
No. No. No. No. 
* 
Phomopsis sp. B. lutea T 27 2 1 
B. papyrifera 
De papyritera 5 26 2 2 
10 38 15 13" 
Phomopsis sp. B. lutea 
B. papyrifera 9 32 18 18 
* 
Phomopsis Spe B. lutea 3 pe 2 1 
B. papyrifera 3 10 4 2* 
Melanconis B. lutea ll 52 0 - 
nigrospora B. papyrifera 12 63 0 - 
Melanconium Be. lutea 3 14 0) - 
betulinum B. papyrifera 6 33 10 10 
Gelatinosporum 8B. lutea 3 uy 0 
- fulvum Be. papyrifera 3 12 0 - 
Fusarium sp, B. lutea 3 12 ¢) - 
No. 1 B. papyrifera 3 15 re) ~ 
Fusarium sp. B. lutea 3 li 0 - 
Noe 2 Be papyrifera 3 16 fe) 
Fusarium sp. Be lutea 2 8 (0) - 
No. 3 B. papyrifera 3 14, (e) - 
Unidentified B. lutea 15 5k 2 2 
wine-red B. papyrifera 17 81 9 9 
fungus 





-# Infected lesions that were removed for reisolation purposes are not included, 


in Table 2) was performed in August 1949 on the Gale River Experimental Forest on both vig- 
orous and suppressed saplings growing under natural forest conditions, Growth conditions here 
were dissimilar from those present on the Connecticut nursery site used in the first test. The 
New Hampshire site was one that could be regarded as favoring the pathogenic activity of inocu- 
lated fungi. Saplings selected for experiment were growing in plots in close competition with 
each other under a forest canopy of mixed hardwoods and conifers where moisture conditions 
favored artificial infection, The saplings varied in height from 6 to 25 feet and in diameter 
from 1 to 3cm. A total of 543 inoculations (Table 2) were made on 124 saplings, 241 inocula- 
tions on 60 yellow birch, and 320 inoculations on 64 paper birch. Of the former, there were 
152 trunk and 150 branch inoculations; of the latter, 108 trunk and 133 branch inoculations. 
Branches in the crowns of the saplings were inoculated whenever possible. The technique of 
inoculation was the same as that in the first test. Controls were placed below the inoculated 
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incisions, 

An examination in October 1949 showed a very limited amount of possible infection found 
only in incisions associated with Phomopsis sp., Melanconium betulinum, and the wine-red 
fungus (Table 2). Since Phomopsis produces an annual canker and dieback, and since the fun- 
gus had extended into uninjured tissue not more than 10 mm, (usually 3 to 5mm.), it was to 
be expected that further progress of the fungus very probably would not take place. 

Phomopsis was re-isolated from affected tissues caused by the inoculations on branches of 
suppressed trees of 4 yellow birch and 2 paper birch. These branches had-died naturally and 
were colonized by other fungi as well, including Gelatinosporium. No attempt was made to 
reisolate Melanconium or the wine-red fungus from infected uninjured tissues that did not ex- 
tend more than 3 mm, Final examinations made in 1950 showed that the inoculated incisions 
and controls had healed. The callus, which walled off Phomopsis infection, did not develop 
on suppressed saplings as pronouncedly as it did on vigorous birch, 

A third and final test was made in the early spring of 1950 on 8 yellow birch and 8 paper 
birch on the Connecticut-nursery site where the same trees had been tested in late spring of 
1949, This time only inoculum of Phomopsis sp, isolates was used. A total of 54 inoculations, 
27 on each species, were placed on 1-year old branches and terminals just below a bud axil, 
with accompanying controls below, Final inspection in the fall indicated heavy callus tissue 
around the wound upon which the dead tongue-like section of incised tissue was superimposed, 
The control incisions had also healed, 

The late spring and summer inoculations, together with those made in the early spring 
when the birch trees were dormant, were not augmented by autumn or winter tests, In view 
of the results with Phomopsis, which among the fungus isolates tested was regarded as the 
most likely pathogen, it is extremely doubtful whether late autumn or winter inoculations would 
have yielded anything different. 








FUNGI ASSCOIATED WITH ROOTS OF DIEBACK BIRCH 


After the investigation of crown fungi, a study of root and soil fungi was begun in July 1950 
on undisturbed birch-dieback sites in Maine, Two sites were chosen for the study: a plotina 
yellow birch stand at Moscow that was used for the 1949 investigation (7); and a plot in a ma- 
ture paper birch stand at Bingham. The surface soil in the Moscow plot was a light sandy loam 
with considerable humus, which lent itself readily to the excavation of fine roots. The surface 
soil in the Bingham plot, on the other hand, was a heavy dark clay overlying a rocky subsoil; 
and roots were removed with difficulty. 

In the Moscow plot, 11 yellow birch were selected for the root-fungus survey; in the Bing- 
ham plot, 9 paper birch were selected, These trees were representative of the various crown- 
injury classes (8); namely, trees apparently healthy, those slightly weakened, and those def- 
initely injured with varying amounts of dead twigs and branches. In collecting root material 
from the surface soil for culture study, it was noted that the relative abundance of fine roots 
and mycorrhizal was, in direct proportion to the pathological condition of the tree: the better 
the condition, the more abundant the feeding roots. 


General Isolation Method 





After the root material was excavated, it was cut into convenient lengths, wrapped in damp 
sphagnum moss and heavy wax paper, then taken to the laboratory at New Haven, where it was 
stored under refrigeration at approximately 45° F for subsequent culturing. 

Isolations were usually made from small feeding roots, generally less than 5 mm, in diam- 
eter, including pieces in which dead and living tissues were sharply defined, Pieces of fine 
roots with mycorrhizal clusters were also used, 

Approximately 12 root samples were selected for culturing from each tree, The excised 
roots were first thoroughly washed in tap water to remove soil particles and foreign debris; 
then they were immersed momentarily in 0.1 percent mercuric chloride solution, which was 
drained away in a large sterile Petri plate; and the root sections were rinsed finally in two con- 
secutive washings in sterile distilled water, which was drained away under aseptic conditions, 
The roots were then placed firmly on the surface of malt-extract agar in Petri plates kept at 
room temperature, 

The fungi most commonly isolated from roots of apparently healthy birch trees (as well 
as those from deteriorated trees representing the different crown-injury classes) were as fol- 
lows: species of Trichoderma, chiefly T, viride (Fr.) Harz,, Rhizopus nigricans Ehr., Mucor 
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varians Povah, M. ramannianus A. Moeller, Penicillim spp., Aspergillus sp., and Fusarium 
spp. Miscellaneous unidentified species of the following genera were recorded as occurring 
occasionally: Absidia, Zygorhynchus, Mortierella, Pullularia, Alternaria, and Coniothyrium. 

The Phomopsis sp., which as previously stated is a common crown and trunk organism, 
did not appear among the root isolates. However, it has been reported as an occasional isolate 
from the xylem of roots of deteriorated yellow birch in Canada (13). 

Although a species of Phytophthora did not appear among the root isolates, the foregoing 
general isolation method did reveal occasional isolates of Pythium debaryanum Hesse and un- 
identified Pythium-like fungi. 

Only one organism commonly isolated was suspect as a pathogen, and this despite the fact 
that it was isolated from the cortex of roots of both apparently healthy and dieback birch, It 
appeared in 220 out of 330 platings of fine roots that had both living and dead parts, The or- 
ganism required 10 days to 2 weeks to grow from the surface-sterilized roots. The fungus was 
so abundantly present in some roots that it formed a chain of contiguous colonies on both sides 
of the root and rootlet axes, Within approximately 3 weeks the colonies had reached a diameter 
of 20mm. At first they were colorless, appressed, and silky, and had a tendency to become 
zonate, with thinly-distributed low aerial hyphae, With age, the colonies became reddish- 
brown and fruited abundantly. The conidia had frequent septation and lacked distinct curvature, 
20 spores measuring 20,0-29.2 x 3.2-5.0 yp. 

The organism was identified as a species of Cylindrocarpon, a genus which, like Phomopsis, 
contains pathogenic representatives; and for that reason it was suspected of possible patho- 
genicity. This organism is the same as the fungus reported commonly from roots of yellow 
birch in Nova Scotia under the name of Cephalosporium (13). 

A culture of the Cylindrocarpon was submitted to Professor J. C. Gilman of Iowa State 
College, an authority on soil fungi, for identification, In written communications of March 5 
and 21, 1951, he regarded it as being close to Fusarium orthosporum Sacc., a fungus that 
Wollenweber had transferred to his genus Cylindrocarpon as C, orthosporum (Sacc.) Wr. Final 
decision as to its exact identity was postponed until results of possible pathogenicity have been 
made. To this end, soil inoculations of potted birch with spores of the Cylindrocarpon were 
made. 


























Soil Inoculations With Cylindrocarpon 





The soil-inoculation experiments with pure cultures of Cylindrocarpon were performed 
under greenhouse conditions. Vigorous 5-year-old potted saplings of yellow birch and paper 
birch were tested. Inoculum of the fungus was prepared by growing it in sterlized flasks, 
each containing a liter of distilled water to which had been added 20 g. of dextrose and 5 g. of 
yeast extract. Bits of 10 sporulating monospore isolates were used for the purpose. They 
represented the organism collected from both yellow birch and paper birch and the same fungus 
monospored from a Nova Scotian culture from yellow birch, provided through the courtesy of 
Dr. D. R. Redmond (13). As small fruiting colonies formed in and on the surface of the me- 
dium, they were greatly increased in number by agitating the culture flasks regularly. 

The shake cultures were prepared June 10, 1952, and used as inoculum early in the fol- 
lowing month, The soil of 50 potted paper birch and 116 yellow birch was treated with 200 cc. 
each of the cultures, which contained abundant sporulating material. Twelve controls for each 
birch species received the same amount of uninoculated liquid culture medium. The purpose 
of this test was to determine whether root infection might take place and, if so, whether parts 
above ground would become affected. 

The soil-inoculated birch remained perfectly healthy and the experiment was discontinued 
in 1954 when the saplings had become pot-bound. No attempts were made to recover the inocu- 
lated organism from the soil or roots, 





Search For Phytophthora cinnamomi 





Of recent years the root and soil organism, Phytophthora cinnamomi Rands, has had much 
attention in plant-disease literature. It is the only recognized root pathogen that has been iso- 
lated commonly in association with "littleleaf disease" of shortleaf pine in the Southeast (3). 
Inasmuch as birch dieback is considered to be similar to littleleaf disease in many respects, 

a search for P, cinnamomi in association with the roots of deteriorated birch trees suggested 
itself as a possibility worthy of trial. 

The "cinnamon fungus," as Phytophthora cinnamomi is called, was originally described 
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from Sumatra as the cause of root disease on innumerable hosts. It is now known to be widely 
distributed in the United States in forest and nursery soils, not only in the Southeast and mid- 
Atlantic regions but also in soils of the Pacific Coast from southern California to Oregon. 
However, it has never been reported from the Northeast. Canadian workers, in their studies 
of fungus-root relationships of deteriorated birch, have not recorded the organism (13, 16); but 
they did not make a special search for it. Despite the fact that nursery stock of Betula alba L, 
and B. papyrifera had been found to be attacked by the cinnamon fungus in Maryland (4), there 
was the possibility that it would not be found in the Northeast because of low temperature limita- 
tions, 

Littleleaf root investigations have shown that while usual isolation techniques failed to 
yield Phytophthora or common species of Pythium (3), the cinnamon fungus could be isolated 
directly from soil associated with the roots of diseased shortleaf pine, Using sound apples as 
a differential medium, Phytophthora cinnamomi in littleleaf soils could be separated readily 
from other soil organisms. If present, it caused a firm dry rot in soil-inoculated light-colored 
apples, in contrast with slower-growing, softer, wetter rots initiated by saprophytic fungi (2). 

In an attempt to discover Phytophthora cinnamomi in birch soils, the first tests were made 
in 1949 on the Gale River Experimental Forest, New Hampshire, and at Moscow, Maine, The 
organism was not found (7). In subsequent testing, the writers in July 1950 collected 17 soil 
samples in which there were bits of fine birch roots from under 5 yellow birch on the Moscow 
site that had been tested the year before, and 16 samples from under 5 paper birch on the Bing- 
ham site previously mentioned. In each site, the selected trees were classified as apparently 
healthy, intermediate, or badly deteriorated (8). 

Samples for soil testing by the apple method (2) were taken with a soil auger to a depth of 
10 inches at distances varying from 3 to 15 feet from the trunk of the tree, The only light- 
colored apple available at the time was a soft-textured variety, Early Transparent. Soil inocu- 
lations were made in situ. A portion of each soil sample was tightly packed into a 3/8-in. hole 
made with a cork borer, diagonally downward but not through the apple. The hole was filled 
with soil to within 1/2 in. of the top, and the remaining space then filled with distilled water, 
Tests of 3 different soil samples, made in duplicate using 2 apples each, were made for each 
birch under study with the exception of 1 paper birch and 2 yellow birch that showed advanced 
deterioration, for which 4 soil tests were made in duplicate. All together, a total of 66 soil- 
assay tests were made; on return from the field the inoculated apples were kept at room tem- 
perature, 

Most of the rots that developed were soft and moist; only 22 of the inoculated apples ex- 
hibited a comparatively firmer type of rot from which fungus isolations could be made on malt- 
extract agar. Trichoderma species, commonly T, viride, appeared in 70 percent of the isola- 
tions. Rots caused by species of Penicillium, Rhizopus, Alternaria, and Diplodia were re- 
corded, Pythium debaryanum was isolated only twice, both from paper-birch soil, 2 to 15 feet 
from the trunk. 

A parallel retesting of the Moscow-Bingham birch soils for Phytophthora was repeated in 
mid-October 1950, In these tests freshly picked hard Greening apples were used, and 6 soil 
samples per tree were taken under 16 yellow birch and 16 paper birch (total 192 soil samples). 
The pattern of sampling consisted of taking soil samples at depths of 6 and 10 inches, respec- 
tively, near the trunk and 3 feet from it, on the east and west sides of the tree; and 3 feet from 
the trunk at a depth of 10 inches on the north and south sides, Two different soil samples were 
placed on opposite sides of each apple. 

Soft, moist rots commonly resulted from the inoculations. A total of 134 of the firmer 
and drier rots were cultured on malt-extract agar. The roster of organisms obtained was 
similar to that obtained in the July tests. In addition, species of Mucor and Zygorhynchus were 
observed, including Mucor ramannianus and Zygorhynchus veuilleminii Namysl. Again Pythium 
debaryanum was isolated, but from only 10 rots representing both healthy and deteriorated 
birch, Six isolations of unidentified Pythium-like organisms were also made, A Phytophthora 
was not found, 

To give the search for the cinnamon fungus in birch soils greater coverage, the writers 
in October of the following year tested soils on 8 additional Maine sites upon which systematic 
records were being kept by the Forest Service as to natural improvement or further deteriora- 
tion in yellow and paper birch stands. These tests represented sites scattered throughout 
eastern and central Maine in the towns of Milford, Newburg, Beddington, Cherryfield, Smith- 
field, Allens Mills, Canaan, and Vassalboro. A total of 288 soil samples were taken, 36 sam- 
ples from each study plot beneath individual birch trees of different crown-injury classes (8). 
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The same kind of apples and sampling pattern were used as in October 1950, with the excep- 
tion that soils were taken 5 feet from the trunk instead of 3 feet. Moreover, the same inocu- 
lation technique in the field was employed, with one exception: water was not added after the 
soil was placed in the apple, for at the time the soil was considered sufficiently moist, 

Rots resulting from the inoculations, as in the two previous tests, were mostly of the soft, 
moist type. As a consequence, only 40 of the firmer rots were regarded as being desirable 
for culturing. Again, species of Trichoderma, Penicillium and Rhizopus were the organisms 
most commonly involved. A species of Gonatobotrys augmented the list of soil-organisms 
recorded previously. The damping-off parasite, Pythium debaryanum, was again isolated 
from 5 of 10 rots cultured from the Allens Mills soil samples; and from the same site a single 
isolate of an unidentified Phytophthora-like organism was obtained, It was not P. cinnamomi., 

Inasmuch as Phytophthora-cinnamomi did not appear in the Maine soil-assay tests, it is 
doubtful whether P. cinnamomi is distributed widely in birch stands, if at all. Further search 
in the Northeast should be made for it on roots of some other susceptible host such as the 
American chestnut, upon which P, cinnamomi causes a destructive root rot in the Southeast 
(4). At any rate, the organism is ruled out as a causal agent in dieback; so is Pythium debary- 

















anum, a soil pathogen that was isolated infrequently and which Canadian dieback research did 
not record (8, 11, 13). 





Presence of Rhizomorphs and Mycorrhizae Associated 
With Roots of Dieback Birch 








In connection with the birch-fungus-soil studies a certain amount of attention was given 
to the macroscopic fungus flora associated with birch-dieback roots near the soil surface, In 
North America there is a paucity of information concerning rhizomorphic and mycorrhizal 
fungi of birch. Spaulding and MacAloney (15), as a result of their investigation of deteriorated 
birch on cut-over lands in northern New England, came to the conclusion that decadence of 
birch could not be attributed to any fungus as a primary cause, but that the shoe-string fungus, 
Armillaria mellea Fr., ex Quel., undoubtedly helped to destroy trees that had previously been 
injured by other factors. In Nova Scotia, Hawboldt (8) stated after an investigation of the roots 
of deteriorated yellow birch that while mycelial fans under the bark were absent, rhizomorphs 
of A. mellea were to be found among the roots of all the trees he studied, occurring near the 
surface of the soil and following along the lateral roots; the more advanced the deterioration, 
the more abundant the rhizomorphs, He appears to be in agreement with Spaulding and Mac- 
Aloney in considering A, mellea as a secondary organism that becomes parasitic after other 
influences have weakened birch stands, 

On the 10 birch-dieback sites in Maine where experimental material was collected, the 
writers did not encounter the characteristic shoestrings of Armillaria on the roots or at the 
bases of trunks of birch trees selected for study, nor did the fungus appear among isolations 
made from root tissue. This would indicate that at least on these sites A. mellea did not have 
any relationship to dieback. 

However, the writers frequently observed hair-like rhizomorphs with clamp-connection 
hyphae of varying diameter and color in association with birch mycorrhizae, These rhizo- 
morphs, which were not cultured, were probably basidiomycetous mycorrhizal components that 
occur among fine roots of both apparently healthy and intermediate crown-injury classes of the 
two birch species, 

In Nova Scotia, Mucor ramannianus is reported as a yellow birch mycorrhizal fungus (16). 
This species was isolated commonly from the mycorrhizal roots of healthy as well as deterio- 
rated yellow birch and occasionally from paper birch in the dieback-root studies. A mycor- 
rhizal fungus that forms a black mantle over the fine roots of healthy and intermediate-class 
birch on all Maine sites was also abundant and common, The organism was considered to be 
Mycelium radicis nigrostrigosum Hatch; it could be distingushed by a mycelium of coarse, 
lustrous, jet-black hyphae radiating from a mantle of endotrophic mycorrhizae, 

It was not the purpose of the dieback study to investigate the mycorrhizae on the roots of 
decadent and dieback birch. In the course of the work, however, the writers observed that 
both feeding roots and mycorrhizae were markedly less frequent in birch that had over half 
their crowns dead than in birch that were in better condition. Observations did not indicate 
whether the reduction in feeding roots and mycorrhizae preceded, accompanied, or followed 
crown deterioration, There can be little doubt that a definite relationship exists between this 
reduction and unfavorable moisture and temperature conditions; for it is now recognized that 
birch is a species particularly sensitive to increased soil temperatures (10, 14). 
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CROWN NECROSIS OF BELLS OF IRELAND 


=> 





Bailey Sleeth 


Bells of Ireland (Molucella laevis) are produced in the Lower Rio Grande Valley of Texas 
on a limited commercial scale for both the cut flower and seed trade. Seemingly, for practical 
purposes at least, this ornamental plant has been free of disease troubles. In 1953 and 1954, 
however, growers suffered considerable losses from a typical crown necrosis, which occurred 
on the basal part of the plant at the ground line, The severity of the disease varied from a 
few infected plants in a field to nearly 100 percent in the most seriously affected planting. 
Field observations indicate that this is a disease of maturing plants rather than young seedlings. 
Conditions favorable for infection and development of the disease are created,,in part at least, 
by the growing plant, It develops into a bush-like plant with several basal branches at or just 
above the soil line, which with their dense foliage keeps the area around the base of the plant 
moist for a prolonged period following an irrigation or a rain, 

The initial infection of the diseased plant occurs at or near the ground line. A necrotic 
lesion develops which may quickly girdle the plant causing it to wilt rapidly and to die, or the 
stem may be partly girdled and one or more basal branches girdled and killed. The necrotic 
lesion or crown rot condition extends only a short distance, usually less than an inch, up the 
stem or down into the taproot forming a depressed area, which tends to be desiccated rather 
than watery and soft. Within a few days numerous single and coalescing superficial fruiting 
bodies (sporodochia) appear on the surface of the necrotic lesions. These range in size from 
0.5 to 2.00 mm. indiameter. At first the young fruiting bodies are white, changing to cream, 
to light green, to dark green and finally to black with a white marginal fringe on maturity. 

The conidia are single celled, hyaline, oblong ang approximately 6 x 3 microns in size. The 
fungus has been placed in the genus Myrothecium ; however, the species has not been deter- 
mined. 

Rapid disease development was demonstrated when potted Bells of Ireland plants were 
inoculated with agar cultures of Myrothecium on March 26, 1954, Within 4 days necrosis 
had advanced sufficiently to cause wilting, Typical crown necrotic lesions had developed by 
April 3, 8 days after inoculation, with both immature and mature Mycrothecium fruiting bodies 
on the necrotic areas, All the inoculated plants developed typical crown necrotic lesions from 
which the Myrothecium fungus was reisolated, Check or control plants remained healthy for 
the duration of the test. 





TEXAS AGRICULTURAL EXPERIMENT STATION, SUBSTATION 15, WESLACO, TEXAS 





1 Barnett, H. L., Illustrated Genera of Imperfect Fungi. Burgess Publishing Co. Minneapolis, 
Minnesota, 
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The terms used in the accompanying maps, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the general trends and give the country's weather picture at a glance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a given time 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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(See also PDR 35: 121-122; 36: 214, 494) 


(1) GENERAL: The Reporter page measures 9 inches long with the heading or 8 3/4 inches 
for the text part, by 6 inches wide. The copy is typed on a larger page, 11 1/4 inches of text 
or 12 inches overall in length by 8 inches in width, and reduced 25 percent in the photographic 
process of reproduction. Illustrations or tables larger in either dimension will take a corre- 
spondingly greater reduction. Only one size of type is available for text, footnotes, or tables. 

(2) MANUSCRIPTS should be the original ribbon copy, not carbons, clearly typed and 
double-spaced throughout, including tables, footnotes, and bibliographies. (Note -- only one 
copy is needed.) Footnotes should be typed at the bottom of the page. 

(3) ABSTRACTS are requested for all except very shortarticles. (PDR 38: 316). 

(4) CAUSES OF DISEASES should be named. For bacteria, fungi, nematodes, etc., give 
the Latin name of the organism; for viruses either or both the accepted common name of the 
virus or a Latin name if you prefer it and there is one; for non-parasitic diseases state the 
causal factor if it is known. If the cause of a disease has not been determined say so. (PDR 
36: 494). 

(5) LITERATURE REFERENCES should be given in alphabetical order and numbered for 
citation in the text. We follow the AIBS suggestion of placing the year of publication after the 
author's name. Please check your titles carefully since we cannot do it for you. Be sure that 
text citations and bibliography agree; that foreign-language references are correct; that number 
or month is cited for periodicals that are not paged consecutively throughout the volume. 

(6) NAMES OF FUNGICIDES should be given according to the suggestions that will be pub- 
lished in Phytopathology before long, and later repeated in the Reporter. In the meantime see 
PDR 35: 122. 

(7) LLLUSTRATIONS should be sent to us unmounted. To prevent mistakes, write figure 
numbers on the back, and mark the top of each print when necessary. A sketch can show a 
preferred arrangement but please keep in mind page size, shape, and standard reduction (see 
above under General), and remember that figure titles and legends are part of the page. Let- 
tering should be clear and large enough to be legible after reducing. Drawings, maps, and 
graphs can be photographs or originals, but should be finished and ready for reproduction, not 
just sketches. 

(8) TABLES should be carefully thought out with particular attention to the Reporter's 
limitations in reproduction. Make titles and headings definite and self-explanatory. Designate 
footnotes in tables with superscript lower-case letters. Be sure that text discussion agrees 
with the data in the table. Do not abbreviate names of crop varieties. 

(9). REPRINTS cannot be supplied since there is no way in which we can be reimbursed. 
However, 

(10) The MULTILITH PLATES from which reprints can be made will be sent if requested at 
the time the article is submitted. The press size of these plates used for the Reporter is des- 
ignated as small -- maximum image 9 1/2 by 13 inches, maximum paper size 9 a4 by 14 inches 
-- for Model 1250. Most of the Experiment Stations have this type of multilith machine. 

(11) We are the official correspondents in the United States of the PLANT PROTECTION 
BULLETIN published monthly by the United Nations Food and Agriculture Organization. We 
would appreciate it if plant pathologists would send us suitable material from time to time for 
inclusion in our monthly summary reports. Please mark it clearly so that we will know it is 
intended for the Bulletin. (See PDR 36: 492; 37: 637) -- P. R. M. 

















